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A** EKSIDENT’S Address to a meeting 
such as this should perhaps be related 
to matters of scientific interest, but you will 
note that this address is scheduled to be 
given before the commencement of the 


First Scientific Session. This is no error of 


the printer. I should like to take this posi- 
tion on the program as an opportunity to 
discuss a few parascientific problems and to 
explore with you a few thoughts which 
should be of interest to this Society. 

Some months ago there appeared in one 


of our leading daily newspapers notice of 


the appointment of a new director of a 
Department of Radiotherapy. Particular 
note was made of the fact that, since “‘a 
surgeon and a specialist in the use of radia- 
tion may differ as to how to treat cancer,” the 
new appointee’s training in both surgery 
and radiation therapy especially qualified 
him. This is no isolated occurrence. The 
literature and often own. thinking 
stand quite well sprinkled with this thought 
stated either directly or by innuendo. Is 
there, in fact, a serious difference of opinion 
as to the proper places of the various 
modalities in the treatment of malignant 


our 
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disease? Is this necessarily a bad thing? 
What are the factors influencing the choice 
of the modality? 

This Society, though primarily con- 
cerned with the use of ionizing radiation in 
the management of malignant disease, has 
a broader purpose. Its membership in- 
cludes, in addition to those whose chief in- 
terest is radiation therapy, surgeons, gyne- 
cologists, general radiologists, radiation 
physicists and biologists, internists, and 
many others for whom the therapeutic use 
of ionizing radiation is of ancillary or 
auxiliary interest. Consequently, we should 
be most concerned with this matter and 
peculiarly equipped to deal with it. 

I shall now ask you, therefore, to permit 
a few random thoughts about this subject 
from a radiotherapist’s point of view in the 
hope that they may provoke further serious 
thoughts by others. 

In the broad field of cancer management, 
we all have, as our constant aim, the im- 
provement of the patient’s chances of get- 
ting well, or of being useful and comfort- 
able for the longest possible period of time. 
In the search for these ends, a certain 
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amount of competition, if you will, is de- 
sirable and furnishes the stimulus for im- 
provement. It is only when plans of action 
are chosen, which through ignorance or 
cupidity deprive the patient of this best 
chance to which the present state of de- 
velopment of the art and science would en- 
title him, that problems arise. 

There are certain aspects of these prob- 
lems about which we can do little—those 
which Charlie Brown calls character traits 
when found in ourselves, but something else 
in others. 

What influences our choice of the means 
of dealing with malignant disease? The 
choice of modality must be made, and I am 
certain is for the most part made, with the 
utmost regard for the patient’s welfare. 
This, when dealing with curable cancer, 
ordinarily entails choosing that means 
most likely to realize this end, but often 
this is not the only consideration. The 
particular needs of each patient must also 
be considered as, for instance, in early car- 
cinoma of the vocal cord, where a cure is no 
problem. Here, the loss of voice following 
laryngectomy, or the long time before 
treatment is completed and the results 
assessed, if radiation therapy is chosen, and 
other criteria may be the important factors 
in making a choice. 

The choice of modality is determined by 
the body of accumulated experience. One 
would think that in the sixty years or more 
in which radiation therapy has been em- 
ployed in the treatment of cancer its useful- 
ness and limitations, and the relative 
merits of radiation therapy and surgery, 
would have been established with con- 
siderable certainty. This is true in a general 
sense. The days of empiricism are largely 
past, and in a considerable degree our 
knowledge is well established, but there are 
still many areas in which the amount of 
well-controlled and factual information 
especially of relative values—is pitifully 
small. Much of the recorded experience in 
radiation therapy is worthless as a scien- 
tific yardstick and even misleading as a 
basis of impression. A good example is our 


Milford D. Schulz 


January, 196 


information concerning treatment of early 
carcinoma of the endometrium where we 
really do not know whether radiation 
therapy before hysterectomy does any 
good or not. We ought to be able to settle a 
matter as straightforward as this, but so 
far we have not. 

Present knowledge which determines 
our choice of treatment is often based on 
antique experience, perhaps once valid, 
but which does not enable us to make the 
best possible choice. For instance, most of 
us say that lymph node metastases in the 
neck are best dealt with by dissection, but 
is this really so? There are those who do 
not agree, and, in fact, with the means of 
delivering large amounts of radiation to 
the superficial tissues, hitherto impossible, 
is it not possible that we can produce by 
radiation therapy results equal or superior 
to surgical ones? Such things can be found 
out, but probably not in time to do most of 
our patients any good, if we continue in 
our present highly separate ways of plan- 
ning, recording, collating, and reporting in- 
formation. Now, I know you say we are 
dealing with biologic phenomena and a 
medical problem—perhaps we cannot find 
things out in a manner comparable to 
other branches of science, but I think we 
have to try. In chemotherapy this has been 
done by so-called therapeutic trials. A 
somewhat similar attempt was undertaken 
for radiation therapy some years ago, and, 
so far, little seems to have come of it. 

[ am aware of the pitfalls of stereotyping 
medical procedures, of forsaking the art 
and of dealing with patients sick with can- 
cer as numbers, and of substituting for- 
mulae, slide rules, and tables for experience. 

Perhaps our specialty does not lend it- 
self to such schemes, but, certainly, the 
choice of treatment would be put on a 
sounder basis 1f we could evaluate our 
therapeutic procedures more accurately 
and quickly—especially in comparison with 
other means—so that our information 
would keep abreast of changing methods 
and concepts. 

The choice is often made for us by re- 
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ferring physicians and the patients them- 
selves on the basis of the reputation which 
the modality has achieved for itself in the 
local community, not the reputation it has 
rightly or wrongly accorded itself in the 
literature or earned in a few large and 
highly specialized centers. Whether we like 
it or not, in this country at the present 
time, this reputation for radiation therapy 
is earned in large measure by the physician 
for whom radiation therapy is a part-time or 
passing interest; whose qualifications stem 
from formal training in radiation therapy 
and cancer management rarely exceeding a 
vear—and his own boot straps thereafter. 
Cancer is a radiation 
therapy, when properly employed, is a 
most useful tool in combating it, and we 
are expecting too much of the general radi- 
ologist when we ask him to wisely choose 
methods and skilfully deal with this disease 
on the basis of experience and training as 
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limited as this; and we are expecting too 
much of the patients seriously sick with 
potentially curable cancer who depend 
upon him, as long as we continue this state 
of affairs. Time may have been when this 
was the best we could do and was neces- 
sary, but that time has passed. 

The choice of modality is born not only 
of an honest appreciation of one’s own 
skills and a thorough knowledge of limita- 
tions of one’s own specialty but of an al- 
most equal appreciation of what the other 
fellow can do. For the radiotherapist, this 
means adequate familiarity with surgery 
and chemotherapy. He must know the 
value of other means if he is to have ade- 
quate measure of his own. You say then, 
why not the all-around oncologist trained 
in the use of all means. The answer is not 
an easy one. There are those who are very 
good in both cancer surgery and in radia- 
tion therapy limited to their particular 
spheres of interest. However, in general, it 
is hard to serve two masters, and the rea- 
sons, which are becoming so apparent to 
us for sorting radiation therapy out from 
general radiology, apply—time and human 
limitations. The concept of radiation 
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therapy as a means of extending the useful- 
ness of surgery is essentially erroneous. 
Radiation therapy depends on a complex of 
physical and biologic phenomena quite 
peculiar to itself for its action, and, by the 
very nature of the disease and the subtle 
and deceptively leisurely way in which the 
healing and untoward 
effects manifest themselves, information 
comes slowly. Time is limited, and we all 
have just so much horsepower. A physician 
intending to treat serious malignant disease 
by radiation therapy would do better to 
apply his residual time to getting informa- 
tion in these biologic phenomena and un- 
derstanding of the whys and wherefores of 
cancer than trying to encompass many 
fields of medicine. Surely, the lessons 
learned in the treatment of carcinoma of 
the larynx by radiation therapy are more 
useful to the lady whose cancer of the cervix 
is treated by this means than are the les- 
sons learned from fixing a relaxed perineum 
or fluoroscoping a stomach. 


processes occur 


The choice of modality is not only a 
choice between various disciplines, but it is 
often an intramural one. The radiotherapist 
must be thoroughly familiar with and 
skilled in the use of all the various modali- 
ties at his command. 

I must, therefore, say something about 
two choices within the field of radiation 
therapy itself: one, old; one, new—radium 
and supervoltage. About supervoltage, | 
shall only say that the indications for its 
use are not the mere fact of possessing a 
cobalt 60 bomb or a 2 or 25 mev. roentgen- 
ray generator. There are very real indica- 
tions for these devices, but I am fearful of 
what is going to happen to the reputation 
of radiation therapy through their indis- 
criminate use just because of availability, 
not tempered by prior experience. 

Radium and similar sources of radiation 
have in recent vears been sadly neglected. 
This neglect is probably due to lack of in- 
terest, limited training, and unfortunate 
experience. In the hands of a skilled and 
experienced operator, these sources have no 
equal in delivering effective radiation to a 
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confined and accessible volume. They have 
also no equal in the amount of trouble they 
can cause when applied with little more 
than enthusiasm, good intentions, and an 
ability to use formulae and dose tables. 
Only by sheer luck can the occasional 
therapist escape failure or worse. A few 
such attempts and the choice is almost in- 
evitably against radium. This is quite 
wrong, and it is unfortunate that the op- 
portunity to get supervised experience and 
attain skill in the use of radium is limited, 
but this is no reason to relegate it to a 
secondary position as some would do. 

The choice of modality is not and must 
not be a static thing. It is the duty of us all 
to continually seek to improve our skills 
and methods and to constantly inquire into 
their true values and determine if what we 
think we are accomplishing is, in fact, so, 
and to learn more of the disease we are 
trying to combat. It is our obligation to 
accede to others when we find that other 
means and methods serve the patients bet- 
ter than ours. It is said that we are essen- 
tially at an end point in classical methods 
surgery and radiation therapy. I doubt if 
this is so; for radiation therapy, at least, 
there remains the possibility of improving 
results by finesse—by altering the sus- 
ceptibility of diseased tissues to radiation, 
by altering the host mechanisms, by em- 
ploying radiations not subject to the limita- 
tions and dependencies of those we now 
use, or by the use of adjuvants. The fron- 
tiers of radiation therapy will certainly be 
different in the future, but I doubt if they 
are closed. The radiotherapist must con- 
cern himself with these matters even 
though he may not be equipped by training 
and experience to pursue them independ- 
ently. If he does not, they will become the 
concern of others and then he will surely 
find himself at a dead end and he will have 
little to say in the choice of his or any other 
means of treatment. 

The choice of modality should not be ar- 
rived at precipitously. Cancer is a chronic 
disease, slowly progressive, and the out- 
come will not be compromised by taking 
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time for thought, planning, and consulta- 
tion. Never does a physician have as good a 
chance to control malignant disease as at 
the time of the first therapeutic attempt, 
and the decision to treat or NOt tO treat, to 
attempt cure or to seek only respite, and 
the means by which this is accomplished 
must be well considered. Hastily arrived at 
plans of action are responsible for more mis- 
fortune and lost lives than the delay in 
treatment entailed by a careful evaluation 
of the situation and of the various alterna- 
tive procedures and what they will mean to 
the patient in terms of cost, disability, dis- 
comfort, disfigurement, and the likelihood 
of getting well or better. 

This leads me to what I believe to be a 
most important development in = cancer 
management—the concept of a team of 
physicians and scientists all bringing their 
own peculiar skills and experience to bear 
on a patient’s problems, where surgeon and 
radiotherapist, diagnostician, chemothera- 
pist, physicist, statistician, and biologist all 
set about to do what will serve the situation 
best and act in consort. In addition to pro- 
viding a maximum likelihood that the 
method chosen will be the one most proba- 
ble to succeed or serve the patient best, 
there is the useful aspect of cross-fertiliza- 
tion of minds. There is no better place for 
both the mature and embryo surgeon, 
radiotherapist, and chemotherapist to learn 
what each and the other can do and cannot 
do. There is no greater stimulus to ideas nor 
a more certain check on the physician, 
overoptimistic in the employment of his 
specialty, nor a better place where ex- 
perience can be whetted on experience. 

In order to serve this purpose, however, 
just any so-called Tumor Clinic will not 
do. There must be a certain minimum level 
of physician interest and of patient material 
so that skills and experience can be de- 
veloped, maintained and improved, in- 
terest stimulated, and things can be found 
out ina manner which will prove valid; or 
it must be staffed by those who have had 
opportunity to get experience in other 
places. A clinic which exists effectively in 
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name only and is staffed by people prima- 
rily interested in other branches of medicine 
and which does not have sufficient material 
to stimulate a deep concern about cancer, 
to develop skill and experience, or to main- 
tain the skill and experience which its 
members once had, serves only to dilute 
and dissipate the useful pool of experience. 

| have now pursued this sufficiently to 
indicate the problem. I have not tried to 
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answer any questions, but I do hope I have 
provoked a few, by the resolution of which 
the stature of radiotherapy will be en- 
hanced and our knowledge of how best to 
help the patient sick with cancer will be 
improved. 


Department of Radiology 
Massachusetts General Hospital 
Boston 14, Massachusetts 
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CANCER OF THE LARYNX* 
INDICATIONS FOR TREATMENT 


By LEROY A. SCHALL, M.D. 


BOSTON, MASSACHUSETTS 


T THE meeting of the American Acad- 
emy of Ophthalmology and Otolaryn- 
gology in October of 1944 I presented an 
exhibit of charts illustrating the various 
types of lesions seen in cancer of the larynx 
and gave recommendations as to their 
treatment. At this time, fifteen years later, 
it is felt that our present thinking regard- 
ing treatment of cancer of the larynx 
should be reported. 


I. SMALL LOCALIZED NEW GROWTH OF THE 
VOCAL CORD WITHOUT INVOLVEMENT OF 
THE ANTERIOR COMMISSURE OR THE 
VOCAL PROCESS AND WITH THE 
CORD FREELY MOVABLE 

This type of lesion (Fig. 1) was always 
considered an ideal case for thyrotomy, 
which has in its favor the following points: 
(1) it is performed under local anesthesia; 
(2) the mortality rate is less than 1 per 
cent; (3) hospitalization averages six days; 
(4) unless the vocal process is removed, 
there is frequently a regeneration of the 
vocal cord and a development of a fairly 
good voice; and (5) in a properly selected 
case in the hands of a competent operator, 
the five year survival rate should be in ex- 
cess of 85 per cent. The disadvantage of the 
thyrotomy operation is the impairment of 
the voice, which may be quite serious to the 
patient if his livelihood depends on its use. 

Feeling that we were not quite fair to the 
radiotherapist, between the years of 1941 
and 1945, 14 patients with localized lesions 
of the vocal cord that were ideal for thyrot- 
omy were referred to him for external ir- 
radiation. Five years after this group had 
been so treated 13, or g2 per cent, were 
symptom free. Because of this early experi- 
ence, we have increasingly referred more 


and more such patients for external ir- 
radiation. 

However, the following criteria must be 
met. First, they must be in the hands of a 
capable radiotherapist; secondly, they 
must be kept under close supervision and 
observation, not only by the radiotherapist 
who must be competent to examine the 
larynx, but also by the laryngologist. 
Should the lesion fail to show satisfactory 
regression, surgical removal should be 
prompt, irrespective of the radiation reac- 
tion of the tissue. 

External irradiation has the following 
disadvantages: 

1. It is a long drawn-out procedure re- 
quiring at least thirty days of treatment 
to deliver a tumor dose of approximately 
6,500 

2. The duration of treatment for a pa- 
tient who lives at a distance from the hos- 
pital is often a very great hardship on him- 
self and his relatives. 

3. The epithelitis and epidermitis, al- 
though not as severe as when treated by 
supervoltage radiation and the rotation 
technique, still is very painful. 

4. Postirradiation dryness of the throat 
is a distressing complaint of the patient. 


ic. 1. Small localized new growth of the vocal cord 
without involvement of the anterior commissure or 
the vocal process and with the cord freely movable, 


* From the Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, Boston, Massachusetts. 
Presented at the Forty-first Annual Meeting of the American Radium Society, Hot Springs, Virginia, April 6-8, 1959. 
Part of the Colloquium: Problems in the Management of Cancer of the Larynx. 
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5. There is a hazard of infection of the 
irradiated tissue. It is a well-known fact 
that irradiated tissue does not tolerate in- 
fection. Delayed radiation reaction may oc- 
cur years after the treatment. An upper 
respiratory infection may mean an edema- 
tous larynx with laryngeal obstruction, 
necessitating a tracheotomy. Perichondritis 
and necrosis of the laryngeal cartilages is a 
real complication. With a useless larynx, a 
laryngectomy is indicated for the relief of 
pain. 

When irradiation fails to cure a small 
localized lesion on a freely movable vocal 
cord, by the time the irradiation is com- 
pleted the lesion has grown to such an ex- 
tent that surgical removal by laryngofissure 
is not possible. A review of our irradiation 
failures disclosed that no case was found to 
be suitable for laryngofissure and that total 
laryngectomy had to be performed in all. 

It was disappointing also to learn that in 
instances of recurrence after thyrotomy 
not one case treated by subsequent irradia- 
tion presented a five year cure. 

The physician must advise his patients 
as to what method of treatment will be best 
for him and all these factors must be given 
consideration. The burden of choice be- 
tween surgery and irradiation should not 
be placed on the patient. From his own ex- 
perience, the physician should be able to 
say, “This is what I advise you to have 
done.” 


II. LESION INVOLVING THE ENTIRE 
LENGTH OF THE VOCAL CORD 
WITH A MOVABLE CORD 
AND GOOD AIRWAY 


This lesion (Fig. 2) is not ideal for thyrot- 
omy and it is unfortunate that the opera- 
tion is ever attempted. An extensive thyrot- 
omy is successful many times; however, it 
also fails just as many times if not more so. 

A review of the recurrences in our series 
following laryngofissure showed that they 
were mostly cases of this type and required 
extensive removal. 

Incidentally, my surgery in laryngofis- 
sure is accomplished by the electric scalpel 
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ig. 2. Lesion involving the entire length of the vocal 
cord with a movable cord and good airway. 


and cut edges are thoroughly coagulated by 
the desiccating electrode. 

Malignant involvement of the entire 
cord, if the cord is still freely movable, 
means that this is a surface lesion and that 
it is ideal for external irradiation. Irre- 
spective of grading, the preferred treat- 
ment is irradiation. 


III. LESION EXTENDING TO THE ANTERIOR 
COMMISSURE OR EVEN CROSSING OVER 
TO THE OTHER VOCAL CORD 

This type of lesion (Fig. 3) may be 
treated surgically, either by the Jackson 
anterior commissure technique or by the 
Kemler technique. In my opinion, the 
Kemler anterior commissure technique 1s 
more in keeping with the principles of 
cancer surgery, in that it removes in block 
the anterior portion of the thyroid cartilage 
along with the part of the vocal cord that is 
least involved as well as the cord that shows 
the major involvement. The disadvantage 
of the anterior commissure Jackson or 
Kemler technique is that very frequently, 
in my experience at least, the patient is left 
with a very poor voice and a narrowed 


Fic. 3. Lesion extending to the anterior commissure 
or even crossing over to the other vocal cord. 
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ic. 4. Lesion of the vocal cord that has infiltrated 
and caused fixation of the cord. 


larynx as well as a narrowed airway. Al- 
though none of our patients has developed 
any difficulty in breathing, an upper re- 
spiratory infection could cause enough 
edema to necessitate an emergency trache- 
otomy. 


IV. LESION OF THE VOCAL CORD THAT 
HAS INFILTRATED AND CAUSED 
FIXATION OF THE CORD 

A vocal cord that is fixed is an indica- 
tion of an infiltrative lesion (Fig. 4) and 
should not be treated by external irradia- 
tion but by surgery. Whether the lesion 
arises subglottically and extends upward to 
involve the cord or whether it involves the 
cord locally and grows inward and down- 
ward, I believe, is immaterial. 

Coutard, Sir St. Clair Thomson, Im- 
peritori, Joseph C. Beck and all those 
masters who have written on cancer of the 
larynx emphasize that fixation of the vocal 
cord indicates a surgical lesion. | would like 
to make a plea that, if one does not intend to 
do the surgery, then he should not take a 
biopsy until the surgeon who is going to do 
the surgery has had an opportunity to see 
the larynx before it is traumatized by the 
biopsy. Too many cases are referred for 
operation after the biopsy has been taken. 
Examination frequently shows a trauma- 
tized larynx with fixation of the vocal cord 
and the lesion indistinguishable from 
trauma. Any decision as to treatment must 
be delayed two to three weeks for the 
trauma to subside before a proper evalua- 
tion can be made. 
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V. LOCALIZED MALIGNANT LESION OF 
THE RIM OF THE EPIGLOTTIS 


Although the literature is filled with 
statements that the higher the location of 
the lesion in the laryngeal box (Fig. 5), the 
more susceptible it is to irradiation, this has 
not been my experience. The preferred 
treatment of these lesions is surgical re- 
moval of the epiglottis by a transhyoid or 
an infrahvoid pharyngotomy. 


VI. LESION ARISING 
THE 


AT THE 
EPIGLOTTIS 


BASE OF 


This is usually a silent lesion (Fig. 6) and 
does not produce symptoms until it be- 
comes extensive or ulcerative. In certain 
South American countries, this lesion is 
common and is treated by transverse 
laryngectomy. I have had very little ex- 
perience with this procedure in my own 
practice. Generally, by the time these 
cases are seen, they are not suitable for this 
type of operation. A total laryngectomy is 
preferred. 


VII. UNILATERAL SUPRAGLOTTIC LESION 
THAT MAY EXTEND TO THE ARYEPI- 
GLOTTIC FOLD, WITH OR WITHOUT 

PALPABLE LYMPH NODES 
Such malignant involvement (Fig. 7) 
with palpable lymph nodes permits no dif- 
ference of opinion as to treatment. All 
authorities are in agreement that it should 
be treated by radical neck resection com- 
bined with a laryngectomy in block. Thirty 
vears ago I considered cases of metastatic 
cervical lymph nodes complicating cancer 
of the larynx as inoperable. Radical surgery 


Fic. 5. Localized malignant lesion of the 
rim of the epiglottis. 


Fic. 6. Lesion arising at the base of the epiglottis. 


is now saving a good percentage of these 
patients. 

A unilateral supraglottic lesion without 
palpable lymph nodes does present some 
ditterence of opinion as to treatment. | 
have always advocated a wide field laryn- 
gectomy, exposing the carotids so as to de- 
tect affected lymph nodes. The so-called 
prophylactic neck resection is not recom- 
mended on the possibility that the patient 
may be one of the 10 per cent who has 
microscopically positive lymph nodes. Too 
many patients with a unilateral supra- 
glottic lesion have not developed cervical 
metastases, to routinely condemn every 
such patient to a radical neck resection. 
Also too many patients who have had a uni- 
lateral supraglottic lesion have, vears later, 
developed a cervical metastasis on the op- 
posite side from their original involvement. 


CONCLUSION 

The late Mr. Herbert Tilley once said to 
me that he believed an essayist was duty 
bound to tell of his experience in order to 
justify his opinions. 

In the past twenty-six vears I have per- 


Cancer of the Larynx 9 


Fic. 7. Unilateral supraglottic lesion that may ex- 
tend to the aryepiglottic fold, with or without 
palpable lymph nodes. 


formed the operation of laryngofissure on 
174 patients and have operated on or have 
supervised the operation of laryngectomy 
on $92 patients. Of these $92 patients, 121 
had a radical neck resection. 

I will not attempt to give you statistics, 
as I have but little faith in them. | believe 
that I have lived too long. I am now seeing 
complications developing in patients fifteen 
to seventeen years after their surgery and 
after irradiation. I am certain that my sta- 
tistics of ten years ago would show better 
results than any statistical study that | 
could now make. 

In conclusion, what I have said today 1s 
subject to change. As experience with new 
techniques increases, as our frontiers are 
expanded and our horizons broadened, | 
hope that the future treatment of cancer 
of the larynx may be chemical or hormonal 
and that my thoughts of today will be ob- 
solete tomorrow. 


Massachusetts Eye and Ear Infirmary 
243 Charles Street 
Boston, Massachusetts 
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THE TREATMENT OF CANCER OF THE LARYNX* 


By CALVIN T. KLOPP, M.D.,t and STANLEY M. KIRSON, M.D.t 


WASHINGTON, D.C. 


en treatment has a qualitative 
aspect. This is very important in every 
consideration of larynx cancer therapy 
since some types can be as readily con- 
trolled by surgery as by irradiation. There- 
fore, any treatise on methods of treatment 
of larynx cancer must assume good tech- 
niques on the part of both modalities. 
When a larynx cancer can theoretically be 
eradicated as effectively by surgery as by 
radiation, then in any given community 
the decision must rest on the professional 
ability of the surgeon and radiologist in- 
volved. In the course of this presentation, 
the best quality of both surgeon and radi- 
ologist will be considered as available to 
the patient in each instance. 

Certain generalizations can be made re- 
garding treatment of larynx cancer. Sur- 
gery often produces a greater disability 
immediately, but is associated with few late 
complications. Irradiation produces mini- 
mal disability immediately (excluding the 
acute reaction during treatment) but much 
more often there are late complications 
directly attributable to the irradiation it- 
self. Therefore, irrespective of their relative 
capability to totally eradicate the disease, 
surgery is to be preferred over irradiation if 
a long active post-treatment life is expected 
and is to be relatively free of later compli- 
cations; while irradiation is to be preferred 
over surgery if the quality of the post- 
treatment voice is important and/or the 
post-therapy life expectancy short. The 
premise on which treatment of the cases 
under our control was based is the follow- 
ing: Unless very specific reasons to the 
contrary are evident, each case is prefer- 
ably treated by surgery. 

Much emphasis has been placed on the 
great need for early diagnosis in the treat- 


ment of cancer. In the case of cancer of the 
breast, this seems to be of little or question- 
able significance in that, regardless of the 
small size of the primary cancer, the same 
extensive operation must be performed. 
However, in the case of cancer of the 
larynx, this is not true. Here, diagnosis of 
early lesions is very important. Small can- 
cers can be controlled with minimal post- 
treatment disability. Larger cancers re- 
quire more extensive operations but it 1s, 
in general, only the largest lesions which 
require treatment by the disabling though 
necessary laryngectomy. In general, the 
smaller the larynx cancer at the time of 
treatment, the less disabling and more 
favorable the result of treatment. 

Cancer of the larynx can best be dis- 
cussed by classifying the cases according to 
the size of the primary lesion. Treatment is 
rarely influenced by the histology of the 
tumor, the only exceptions being the rare 
minor salivary gland cancers, melanomas, 
and soft tissue sarcomas which because of 
their radioresistance are never treated by 
irradiation. Likewise, treatment is rarely 
influenced by the physical condition of a 
patient, since surgery and curative radia- 
tion therapy carry today about the same 
risk. Age, too, is of little significance except 
as previously indicated in relation to late 
sequelae in the local area. The only im- 
portant factors are the size of the primary 
cancer and, to a lesser extent, its location. 


CARCINOMA 17 situ 


Carcinoma in situ of the larynx is rarely 
diagnosed except when it occurs in areas 
adjacent to invasive cancer. However, 
when it is the only condition present, it is a 
surgical lesion. Being im situ and not in- 
vasive, simple excision of the involved area 
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of mucosa is adequate treatment and can 
be carried out regardless of the location be- 
cause none of the deeper— sometimes essen- 
tial portions of the larynx need be dis- 
turbed. Carcinoma in situ is generally 
regarded as quite resistant to irradiation 
and, if it is to be destroyed by irradiation, 
requires a dosage which is almost certain 
to destroy normal structures as well. 
INVASIVE CANCER 

Invasive cancer of the larynx, which has 
not infiltrated deeply, is the lesion about 
which there is most controversy and least 
uniformity as to treatment. By definition, 
an invasive but not deeply infiltrating 
cancer will be one which is histologically 
invasive but has not as yet produced visible 
impairment of laryngeal motion as deter- 
mined by laryngoscopy and/or has not in- 
vaded laryngeal cartilage as determined by 
the presence of localized tenderness or pain. 
Such lesions can be controlled about as 
effectively by irradiation as they can by 
surgery So that the choice of treatment 
must be determined not by “cure rates” 
but by which form of treatment is in the 
best interest of the particular patient. The 
only exception to this would be the theo- 
retic case in which the area over the ary- 
tenoids is involved without invasion of 
the arytenoid cartilages themselves, as sur- 
gical treatment of such lesions would re- 
quire total laryngectomy while radiation 
therapy would preserve the larynx. (One 
such case has occurred in our experience 
recently.) In all other instances, radiation 
therapy generally results in a better voice, 
although this is not always true, depending 
upon how much of the vocal cords must be 
included in any excision. However, irradia- 
tion may result in secondary necrosis often 
triggered by infections, excessive hot or 
cold foods, and/or excessive smoking; and 
when such necrosis occurs, laryngectomy 
is often required to control the pain, bleed- 
ing, and/or infection. Such sequelae can 
occur after many years. Also, laryngeal 
cancer often being of multicentric origin, 
new invasive cancers may develop in later 
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vears in irradiated tissue, again requiring 
total rather than partial laryngectomy be- 
cause of the poor healing qualities of ir- 
radiated tissue. Surgery, on the other hand, 
will not produce these late sequelae, and 
new invasive cancers, if detected early, can 
possibly be handled again by less than a 
total laryngectomy, but in many instances 
the quality of the voice will be less satis- 
factory after the initial treatment. There- 
fore, besides the superficial cancer over- 
lying the arytenoids, surgical excision is 
the treatment of choice, especially in young 
persons, with the exception of those in- 
dividuals to whom a good quality of the 
post-treatment voice is of extreme impor- 
tance, or whose life expectancy is very short. 

Invasive, deeply infiltrating cancer of the 
larynx is likewise a surgical disease. By 
deeply infiltrating is meant sufficient 1n- 
volvement of muscle and/or nerve to pro- 
duce obvious interference with laryngeal 
motion on laryngoscopy and/or obvious 1n- 
vasion of cartilage as indicated by edema, 
tenderness, pain, visible exposure of carti- 
lage and/or laminagraphic evidence of 
destruction of cartilage. However, it is in 
this group of cases that surgical judgment 
and experience play so great a part. Al 
though total laryngectomy would be effec- 
tive in treating most of them, partial 
laryngectomy is to be preferred whenever 
feasible. No patient with an esophageal 
voice is ever as happy as a patient with a 
voice which though rough is controlled in 
the natural manner. The adequate de- 
scription of those cases which can be han- 
dled by partial laryngectomy is among the 
least known areas in surgery and one which 
at present deserves most emphasis. 


PARTIAL LARYNGECTOMY 
That the indications for partial laryn- 
gectomy are not always too well known is 
illustrated by two cases. 
REPORT OF CASES 
CASE I. 


seen in consultation because a diagnosis of car- 
cinoma of the larynx had been made by biopsy, 


A seventy-one year old male was 
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and total laryngectomy advised. The operation 
was actually already scheduled. Because the 
patient’s son had been a former patient, con- 
sultation was requested. On examination, the 
only significant pathology was an elevated 
lesion involving the anterior three-quarters of 
the right vocal cord. The left vocal cord and 
the right arytenoid cartilage were clear of 
cancer. There was loss of motion of the right 
side of the larynx. The remainder of the 
pharynx, larynx and neck was normal. 

Our opinion was that this lesion could be re- 
moved completely by partial laryngectomy 
rather than total laryngectomy, and the sur- 
geon was so advised. This surgeon, when given 
this advice by telephone, paused noticeably and 
agreed that partial laryngectomy was probably 
the treatment of choice, but allowed that he 
had “just never thought of partial laryngec- 
tomy.” The patient was referred to us for this 
surgical procedure which was carried out with 
no difficulty. The margins of excision were clear 
following surgery and the patient has since done 
well. 


Case ut. This patient was not seen by us but 
telephone consultation regarding him was 
sought. The patient’s surgeon had established a 
diagnosis of carcinoma of the larynx by biopsy 
and had scheduled the patient for total laryn- 
gectomy on the afternoon of the day on which 
telephone consultation was sought. Other com- 
mitments made it impossible for us to see the 
patient on such short notice. The surgeon there- 
fore described the lesion over the telephone. 
From his description it seemed possible but not 
certain that a partial laryngectomy might be 
adequate to remove the lesion completely. The 
surgeon was so informed, but told that actual 
examination of the patient was necessary to 
determine the operation of choice. The surgeon 
in question, after deliberation, finally decided 
that, since he was not familiar with the opera- 
tion of partial laryngectomy and since total 
laryngectomy was probably indicated anyhow, 
he would proceed with the operation. 


These 2 cases point to the need for edu- 
cation of some of those who undertake 
laryngeal surgery as to the value of the 
operation of partial laryngectomy. 

Partial laryngectomy is the procedure of 
choice in the treatment of invasive, deeply 
infiltrative carcinoma of the larynx when- 
ever it can be carried out and the sphincter 
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mechanism of the larynx still preserved. 
This sphincter mechanism usually requires 
an intact circle including both arytenoids, 
both aryepiglottic folds and_ epiglottis; 
actually only portions of the aryepiglottic 
folds and epiglottis need be preserved as 
long as a circular sphincter still exists. 
However, the sphincter mechanism also re- 
quires an intact reflex arc; hence, both 
superior laryngeal nerves must pre- 
served so that sensation is maintained to 
trigger the reflex and motor function to 
actuate it. Possibly only one superior la- 
ryngeal nerve must be preserved but most 
such patients are greatly disabled and 
many completely so, requiring later laryn- 
gectomy. The variations in actual pro- 
cedure of partial laryngectomy thus can be 
considerable. Partial laryngectomy may 
consist of a number of varied types of 
excisions depending on the location of the 
primary cancer. A lesion of the epiglottis 
could be removed by anterior pharyn- 
gotomy and partial resection of the epi- 
glottis; one on the vocal cord by resection 
of a part or all of one thyroid cartilage and 
underlying laryngeal mucosa; one of the 
anterior commissure by resection of anter- 
ior portions of both thyroid cartilages plus 
underlying mucosa; and one of an aryepi- 
glottic fold by partial excision of the fold. 
The approaches and the detailed steps of 
each procedure vary but can easily be visu- 
alized and carried out by any experienced, 
competent surgeon familiar with laryngeal 
anatomy and surgery. 


TOTAL LARYNGECTOMY 

Total laryngectomy is reserved for those 
invading, deeply infiltrating cancers of the 
larynx which cannot be handled by partial 
laryngectomy. Because so many laryngeal 
cancers do not arise on one vocal cord, no 
symptoms are produced until the cancer 
has advanced beyond where partial laryn- 
gectomy is feasible. Lesions arising pri- 
marily on the cords are therefore most often 
amenable to excision or partial laryngec- 
tomy, while so-called “extrinsic” larynx 
cancers usually require total laryngectomy. 
However, as lay education improves, as 
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physician care more frequently includes 
routine indirect laryngoscopy, and as sur- 
gical experience with earlier larynx lesions 
accumulates, more and more cancers of the 
larynx are amenable to treatment by less 
than a total larvngectomy. 


NECK DISSECTION 


limited to 
treatment of the primary lesion. However, 
most laryngeal 


Discussion so far has been 


cancers are 
metastasizing and some will already have 
metastasized at time of initial examination. 
Most early metastases are limited to the 
cervical lymph nodes of either the jugular 
chains and, or the pretracheal space. There- 
fore, treatment of larynx cancer must al- 
ways include a decision as to treatment 
which should be directed to the regional 
lymph nodes. 

Certain generalizations can be made re- 
garding metastatic cancer in cervical lymph 
nodes arising from a larynx cancer. (1) In 
general, such cancer is a surgical problem 
to be treated by neck dissection. (2) Neck 
dissection is limited as much as possible to 
cases in which metastases are demonstrable 
in cervical lymph nodes, or are very likely 
to be present. (3) Neck dissection combined 
with laryngectomy is with a 
greater number of complications than is 
either procedure carried out separately. 


ASS( cla ted 


(4) Neck dissection done for minimal in- 
volvement of the lymph nodes is more apt 
to be successful and can be more conserva- 
tive; 7.e., the accessory nerve can usually 
be preserved. Hence, neck dissection should 
be done early but only when there is reason- 
able evidence that metastatic cancer may 
be present in lymph nodes or, in rare in- 
stances, to permit better exposure during 
the primary operation. 

In association with the treatment of 
early laryngeal cancer by simple excision 
or by partial larvngectomy, neck dissection 
is done only when palpable, probably dis- 
eased lymph nodes are present in the neck 
on the side or sides on which the primary 
cancer is located. However, although neck 
dissection is rarely performed at the time 
of initial treatment, these patients may 


Cancer of the Larynx 13 


capable ot 


later develop palpable diseased lymph 
nodes, so each must be carefully examined 
to detect such changes, every month for the 
first vear, every two months for the second 
vear and every three months thereafter. 
The presence of a palpable diseased lymph 
node or nodes (more than 1 cm. in diam- 
eter) is an indication for immediate neck 
dissection. 

Total laryngectomy is more often com- 
bined with simultaneous neck dissection 
because more advanced primary cancer 1s 
being treated. In the presence of palpable 
diseased cervical lymph nodes, neck dissec- 
tion is performed at the time of laryn- 
gectomy, either unilaterally or bilaterally 
depending on the findings. If there is any 
suggestion of extension of the primary 
cancer through the lateral laryngeal or 
pharyngeal wall, neck dissection is carried 
out in continuity with the laryngectomy to 
avoid cutting into the primary lesion, dis- 
section being done even in the absence of 
palpable diseased cervical lymph nodes. In 
all other instances, neck dissection 1s de- 
ferred until palpable, probably diseased 
lymph nodes are detected. Again, such pa- 
tients are examined routinely every month 
for the first vear, every two months the 
second year, and every three months there- 
after. In general, more neck dissections 
must be done for cancer of the extrinsic 
larynx than for cancer of the intrinsic 
larynx. 


NEW PRIMARY CANCERS 


The successful control of one primary 
cancer of the larynx does not complete 
treatment. Probably most such cancers 
are at least triggered by some external 
carcinogenic agent or agents. Some, like 
tobacco smoke, can be eliminated in some 
instances. Others are unknown at present. 
Therefore, further new primary airway 
cancers can be anticipated and all con- 
trolled larynx cancer patients should be 
examined at at least three-month intervals 
for the balance of their lives. New primary 
lesions will thus often be detected early. If 
arising in nonirradiated areas, often further 
partial laryngectomy or simple excision can 
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be done. If arising in irradiated tissue, total 
laryngectomy is usually required but in all 
instances chances of control of the second 
primary lesion will often be good. 


SURGICAL TREATMENT OF IRRADIATION 
SEQUELAE 

The treatment of the sequelae of irradia- 
tion is likewise often surgical, consisting of 
control of infection, necrosis, pain, hemor- 
rhage, and/or edema. Irradiated tissue will 
not withstand trauma as well as normal 
tissue. Any scratch or burn is apt to heal 
very slowly and is more susceptible to being 
infected. Infection, once started, is more 
difficult to control and tends to result in 
necrosis of adjacent cartilage, producing 
severe pain and edema. Sufficient edema 
may occlude the airway so as to require 
that a tracheostomy be done, or the necro- 
sis may extend deeply to result in hemor- 
rhage. Most often, once this chain of events 
is started, laryngectomy is the only success- 
ful treatment and laryngectomy carried 
out under these circumstances is often 
associated with slow healing and the de- 
velopment of pharyngeal fistulae which are 
dificult to control. These problems make 
irradiation less acceptable than surgery as 
primary treatment. 


END RESULTS 


The plan of treatment just outlined is 
the one which has been in operation during 
the period of time in which 116 cases of 
laryngeal cancer were treated. The end re- 
sults of such treatment are a good index of 
the value of the plan but are obviously in- 
fluenced also by the type of cases treated, 
the judgment and skill of the therapist, as 
well as the degree of cooperation secured 
from the patients. They are summarized in 
Tables 1 through x1. 


TABLE 
Total cases of larynx cancer 116 
Lost to follow-up I 
Available for study 115 


TABLE I] 


LARYNX CANCER CASES LIVING AND WELL 


No. Per Cent 
5 years or more 24 20 
4 years or more 30 26 
3 years or more 35 32 
2 years or more 46 40 
I year or more $4 47 


Cases living with cancer— } 


TABLE III 


LARYNX CANCER CASES DEAD OF CANCER 


No. Per Cent 
Within 1 year 35 30 
Within 2 years 43 38 
Within 3 years 48 41 
Within 4 years 53 45 
Within years 55 48 
After § years 58 Sc 
Taste IV 


CASES TREATED BY TOTAL LARYNGECTOMY 


No. Per Cent 
Total cases SI 
Living and well 39 48 
TABLE V 


LARYNGECTOMY CASES LIVING AND WELL 


No. Per Cent 
5 years or more 17 21 
4 years or more 21 26 
3 years or more oN 33 
2 years or more 33 40 
I year or more 39 48 
Taste VI 


LARYNGECTOMY CASES DEAD OF CANCER 


No. Per Cent 


Within first year 25 30 
Within second year 33 40 
Within third year 39 48 


Within fifth year 40 49 


TaBLe VII 


CASES TREATED BY 


Total cases 6 
Living and well 


§ years or more 
2 years 
I year 


TaB_e VIII 


CASES TREATED BY LARYNGOFISSURE 


Total cases 2 
Living and well 2 
4 years 
6 years 
TaABLe IX 


CASES TREATED PRIMARILY BY 


Total 29 
Living and well 


AND E 


PARTIAL LARYNGECTOMY 


te 


XCISION 


IRRADIATION 


no other treatment of pri- 


mary 8 
Living and well—following subsequent laryn- 
gectomy 2 
Dead of necrosis following surgery 2 
Dead of cancer 17 
TABLE X 
CASES SUCCESSFULLY TREATED BY) 
PRIMARY IRRADIATION 
Superficial cord lesions 6 
Superficial epiglottis lesion 
? Invasive cord lesion I 
Total 8 
TaBLe XI 
FATE OF IRRADIATED CASES WHICH MIGHT HAVE BEEN 


TREATED ORIGINALLY BY 


SURGERY, EXCLUDING 


THE SUPERFICIALLY INVASIVE LESIONS 


Total—2o 
Subsequently treated by laryngectomy 
(1) For cancer 
(2 living and well over § years) 
(3 dead within 5 years) 
(2) For necrosis 
(2 dead in 1 year) 
Died of disease 
(2 lived for 5 years) 
(11 dead within § years) 
Salvage rate—2 of 20 or 10% 


Cancer of the Larynx 1S 


TABLE XII 


FIVE-YEAR END RESULTS 


No. Per Cent 
Total cases treated through 1954-—-$4 
Living and well 24 44 
Dead of cancer 3c $6 


Of a total of 116 cases, only one case was 
lost to follow-up (Table 1). Twenty-four 
cases or 20 per cent are alive and well more 
than five years (Table 11). Those patients 
who died as a result of uncontrolled larynx 
cancer generally did not survive more than 
three years (Table 111). 

A total of 81 cases required total laryn- 
gectomy (Table 1v). Of these, 17 or 21 per 
cent are alive and well five years or more 
(Table v). Of those whose cancer was not 
controlled by treatment, the majority 
failed to survive beyond three 
(Table v1). 

Only a small number of patients was 
suitable for treatment by partial laryn- 
gectomy but the end results of treatment 
of this group are good (Table vit). The 
success of therapy in this group depends on 
proper selection of patients. 

An even smaller group of patients was 
suitable for treatment by laryngofissure 
and simple excision (Table vim), but all of 
these are living and well. This is under- 


vears 


standable as these are very early lesions. 

A total of 29 cases of larynx cancer of all 
stages was treated by irradiation, with suc- 
cess in only 8 cases (Table 1x). These 8 
cases all had superficially invasive lesions 
(Table x). Hence, in our hands, irradiation 
is of no value, except in early cases which 
are also curable by conservative surgery. 

Other therapists claim to have cured a few 
advanced larynx cancers by irradiation. If 
an initial trial of irradiation was not detri- 
mental, it should be possible to employ a 
therapeutic trial to select cases which could 
be cured by irradiation. Among our cases, 
there were 20 patients who initially refused 
laryngectomy and were treated by irradia- 
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tion. Of these, none were successfully con- 
trolled by irradiation. Only 2 were later 
successfully treated by secondary laryn- 
gectomy. This salvage rate of 10 per cent 
(Table x1) compares unfavorably with an 
over-all salvage of 44 per cent (Table x11) 
and suggests that it is in the best interests 
of the patient to secure initially the treat- 
ment of choice (7.¢e., surgery) rather than 
take the slim chance that, if initial irradia- 
tion does not control the cancer, surgery 
can still be successful. 
SUMMARY 

The manner in which our cases of cancer 
of the larynx are treated and the results of 
treatment have been presented. In general, 
unless very specific reasons to the contrary 
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are evident, each case is preferably treated 
by surgery. The results of therapy present 
nothing new but confirm the general state- 
ments that: (1) the earlier the lesion, the 
better the results of treatment; (2) early 
lesions with only superficial invasion can 
be ettectively treated by irradiation or by 


(3 


surgery; (3) all but superficially invasive 
cancers are best treated by surgery; (4) an 
initial trial of irradiation the 
chances of successful subsequent surgical 
treatment; (5) the present treatment of 
cancer of the larynx salvages about 50 per 
cent of patients. 


decreases 


(5 
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RADIATION THERAPY IN CANCER 
OF THE LARYNX* 


By 


SIMEON T. CANTRIL, M.D.+ 


SEATTLE, WASHINGTON 


ARLY cancers of the vocal cord may 
suitably be treated by either surgery or 
irradiation. The number of such cases being 
referred for radiation therapy still 
limited, although the results attainable are 
comparable to those of surgery, with the 
added possibility of lesser impairment of 
voice (Table 
The principal role of radiation therapy 
in laryngeal cancer should be to reduce 


1s 


insofar as possible the necessity for laryn- 
gectomy. This requires a close collaboration 
of the laryngologist and the radiologist and 
a recognition of the limitations of both 
methods. 

It is of interest to review the influence of 
irradiation in avoiding laryngectomy in the 
total experience at certain centers known 
for their interest in cancer of the larynx 
(Table 11).2 Of all cases treated, more than 
two-thirds survived without laryngectomy, 
when radiation was the principal method of 
treatment or was used to a degree compa- 
rable with surgery. In the largest group 
(695 cases),* two-thirds survived without 
total laryngectomy when partial laryn- 
gectomy and irradiation were used in ap- 
proximately comparable numbers of pa- 
tients. 

In those patients whose extent of disease 


would otherwise require laryngectomy if 


treated surgically, radiation therapy has 
accomplished a very significant reduction 
in the necessity for laryngectomy without 
jeopardizing survival. Table 111° shows 
such an analysis. The cases include all sites 


of laryngeal cancer with the exception of 


those reported by Harris ef a/.° (intrinsic: 
vocal anterior 
glottic ventricle) 


sub- 
and 


commissure, 
and Sheline 


cords, 
and 


TABLE | 
CANCER LIMITED TO ONE VOCAL CORD. MOBILITY PRE 
SERVED. OPERABLE BY LARYNGOFISSURE. FIVE 
YEAR RESULTS BY RADIATION THERAPY ALONE 
Well Five 
Years 
No. 
No. 
Cent 
Baclesse' I91G-19 3g 1S 46 
1g40-1940 10 gO 
Cantriland Buschke 1938-1952 6 5 8 3 
Cutler 1938-1944 21 15 71 
Evans! 1946-1952 100 
Garland Ig40-1952 6 6 
Harris a/.' Ig3I-1947 21 1s 71 
Lampe? 1945-1947 2 2 102 
Leborgne' 1933-1948 4 4 100 
Lederman!! 1933-1951 12 10 8 3 
Lenz” 7 6 85 
Nielsen! Ig31-1944 1s 16 8g 
1937-1944 16 1s 94 
Schall" 1941-1945 13 12 92 
Sheline and Stone" 1g42-19§2 3 24 Rc 


\}] patients lost to observation or dying of intercurrent disease 


prior to five years are considered as radiation failures. 


comparisons are valid by site of origin and 
stage. 

It may be seen that one- to two-thirds of 
the without laryngectomy 
when irradiation is the principal treatment. 
The over-all results are comparable to 
those obtained by laryngectomy with or 
without postoperative irradiation. 


cases survive 


It is not reasonable, however, to subject 
every patient to irradiation whose laryn- 
geal cancer is suitable for laryngectomy. 
Experience has shown the inability of ir- 
radiation to successfully cope with recog- 
nized complications of the disease. In these 


Stone! (glottic only). To this extent the instances surgery is favored. The most 
* From the Tumor Institute of the Swedish Hospital, Seattle, Washington. 
Presented at the Forty-first Annual Meeting of the American Radium Society, Hot Springs, Virginia, April 6-8, 1959. 
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SURVIVAL WITH AND WITHOUT LARYNGECTOMY IN TOTAL CASES TREATED 

Proportion of Five 
Year Survivors 
No. 
Cases Year Principal Treatment 
With Without I 
Treated Survival 
Laryn- Laryn- 
gectomy gectomy 
Per Cent 
Absolute Per Cent Per Cent 
Leborgne!® 
1933-1948 170 20 16 84 Radiation 
Lederman" 
1933-1952 294 47 21 9 Radiation 
Nielsen® 
1931-1948 2236 54 16 85 Radiation 
Cantril and Buschke 
1938-1952 58 48 18 82 Radiation 
Leroux-Robert and Ennuyer" Surgery with Radiation 
Pub. 1956 200 59 50 50 and Surgery Alone 
Jackson et a/.® Partial Laryngectomy 243 
1930-1949 695 59 36 64 Total Laryngectomy 257 
Radiation 195 
Wang and O’Donnell!® Radiation 161 
1931-1949 35 65 84 


245 45 
common of these are (1) invasion or necro- 
sis of thyroid or cricoid cartilage, (2) sig- 
nificant subglottic extension, usually 
associated with thyroid cartilage involve- 
ment and (3) immobility with edema of the 
arytenoid process due to the spread of 
cancer. In this latter group are patients in 
whom the complete or partial fixation of 
the vocal process is not due to cancer but 
to inflammation and will regain mobility as 
irradiation is used. In this group one is 
therefore justified in attempting to spare 
laryngectomy in the initial procedure. 
These may be cancers involving the true or 
false cord (or both). Those which invade an 
entire hemilarynx with massive disease and 
producing fixation are, in general, not suit- 
able for irradiation. 

A special group of more advanced can- 
cers frequently treated by laryngectomy 
comprises those arising on the epiglottis. 


Surgery 


They tend to become bulky, spread over the 
rim and laryngeal surface of the epiglottis 
and may extend to the arytenoepiglottic 
fold on one or both sides. They frequently 
spread anteriorly to invade the vallecula 
and the base of the tongue. Extension to the 
pre-epiglottic space carries the disease be- 
yond the larynx anteriorly and is a contra- 
indication to surgery. They commonly 
metastasize to the lymph nodes of one or 
both sides of the cervical chain. The glottis 
may be hidden from view, but the true vocal 
cords and arytenoids, even in advanced 
cases, are not usually involved. In our ex- 
perience this form of laryngeal cancer is 
suitable for irradiation. In those patients in 
whom the disease has spread to the vallecula 
or the base of the tongue, it is even more an 
indication. The invasion of the suprahyoid 
portion of the epiglottis is not a deterrent to 
irradiation. Following treatment, this por- 
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Taste III 
FIVE YEAR SURVIVAL WITH AND WITHOUT LARYNGECTOMY IN STAGES OPERABLE BY LARYNGECTOMY 
Per Cent Five Year Surviving 
in This Survival 
Stage of — All Cases With Without 
No. Total This Stage Laryn-  Laryn- Principal Treatment 
Cases gectomy gectomy 
Per Cent 
Absolute Per Cent Per Cent 
Cutler’ 
1938-1944 48 30 52 §2 Radiation 
Harris et 
Intrinsic only 5 43 56 56 Radiation 
Lederman! 
Stages II-II] 201 68 44 12 32 Radiation 
Nielsen! 
Stage III 78 32 59 17 42 Radiation 
Sheline and Stone!’ 
Glottic only Aa 34 69 2 67 Radiation 
Cantril and Buschke 36 62 52 I 38 Radiation 
Leroux-Robert and Ennuyer® 127 63 47 Surgery+Radiation Surgery with Radiation 
48 or Surgery Alone 
Surgery Alone 
40 
Total 
47 
Jackson et al.* 257 37 49 49 Surgery 


tion of the epiglottis may be lost, but 
healing can progress after sequestration of 
the diseased suprahyoid cartilage has oc- 
curred. The lymph nodes associated with 
epiglottic cancer can be controlled by ir- 
radiation in a majority of patients. Neck 
dissection or local removal of a residual 
lymph node can be performed if required. 
Surgery for radiation failure in cancer of 
the larynx can be done if the irradiation 
has been accomplished with adequate pro- 
traction, limitation of field size and atten- 
tion to the many details which provide 
maximum preservation of skin, subcuta- 
neous tissues and vascularity. Table Iv 
summarizes the experiences with this pro- 
cedure. In these patients an attempt was 
made to preserve the larynx, but for a 


variety of reasons was unsuccessful. In 
such borderline cases irradiation is justi- 
fiable if the patient is aware that surgery 
may later be required. 


TABLE IV 
LARYNX SURGERY FOR RADIATION FAILURE 


No. No. 


Type Surgery 
Cases Living 


Laryngectomy—29 


Lederman"! 30 
Laryngofissure—1 
Nielsen! 13 12 Laryngectomy 
Leborgne!® Ig 10 Laryngectomy 
Ironside et ad.’ 13 8 Laryngectomy 
Cantril? 14 g*  Laryngectomy—14 


* Laryngectomy 3-56 months postradiation. Four pharyngeal 
cutaneous fistulae. All closed. All patients surviving. 
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CONCLUSION 

The number of patients in whom laryn- 
gectomy may be avoided will increase with 
(1) earlier diagnosis, (2) closer collabora- 
tion between the laryngologist and the 
radiologist and (3) a keener interest and 
improved competency of the radiation 
therapist in the treatment of laryngeal 
cancer. 
1211 Marion Street 
Seattle 4, Washington 
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INDICATIONS FOR RADIATION THERAPY 
IN LARYNGEAL CANCER* 


By 


ROBERT ROBBINS, M.D.7 


PHILADELPHIA, PENNSYLVANIA 


HE. cases of laryngeal cancer analyzed 
in this essay consist of all those seen in 
the Department of Radiology, Temple Uni- 
versity Hospital, from 1931 through March 
1954. Previous reports by our group on this 
material have combined into a single figure 
the results of radiation therapy of ‘‘in- 
trinsic” cancer of different degrees of ad- 
vancement and site of origin, thus not 
making clear the effectiveness of radiation 
therapy in many situations. It is the pur- 
pose of this analysis to show our results of 
radiation therapy in the various stages of 
cordal and other laryngeal cancer. 
STAGING OF CORDAL CANCER 
In order to achieve this objective, it 1s 
necessary to group cases of similar extent 
and nature. The recently introduced TNM 
descriptive classification of the extent of 
tumor, the regional lymph node involve- 
ment and of distant metastases lends itself 
well to such purposes, and may prove to be 
the ideal system of staging. However, in 
this analysis we have employed a modi- 
fication of a classification proposed by 
Lederman (Table 1). 


ANATOMIC SITES OF LARYNGEAL CANCER 


The terms “intrinsic” and “extrinsic’’ 
have been widely used, but with various 
meanings, giving rise to misinterpretation 
of data and to obscuration of the results of 
treatment. In the opinion of the author, 
further re-definitions of these terms will not 
lead to universal acceptance, or to recon- 
ciliation of different views on the meaning 
of these terms, and it is therefore proposed 
that they be abandoned in favor of a simple 
listing of the anatomic site of origin of the 
tumor, as suggested in Table 1. 


TREATMENT TECHNIQUE 


The cases discussed have all been treated 
by similar techniques, described in the pre- 
viously cited papers, consisting of heavily 
filtered (2 mm. Cu) conventional voltage 
(160-250 kv.) protracted daily irradiation. 
Air doses of 3,000 r to each side of the neck 
through 8-10 cm. circular fields were used 
in the first decade, with smaller fields (6 
cm. diameter) and higher doses (about 


5,000 r tissue dose in five weeks) thereafter. 
At the present we are using 2 mev. radia- 


tion, 6,000 r tissue dose in five weeks, but 
these cases are too recent for inclusion. 
MATERIAL 

All cases have been histologically verified. 
There are 243 cases in which the primary 
lesion was initially treated by irradiation, 
and 64 which were treated for recurrence 
after other treatment. 

CORDAL CANCER 

A total of 128 cases of cancer arising 
from the vocal cords was treated, of which 
46 per cent survived five years without 
disease. Part of this material was reported 
earlier by us, grouped as “‘intrinsic,”’ with 
a $3 per cent five year disease free rate. 


TABLE I 


CLASSIFICATION OF CORDAL CANCER 


Stage I. Confined to one or both cords, motion un- 
impaired 

Stage II. Beyond the cords, but within the larynx, 
motion impaired, but not fixed 

Stage III. Fixation extension beyond the larynx, ho- 
molateral lymph node metastasis 

Stage IV. Bilateral lymph node metastasis, distant 


metastasis, second primary 


skin) 


(except 


* Presented at the Forty-first Annual Meeting of the American Radium Society, Hot Springs, Virginia, April 6-8, 1959. 
Part of the Colloquium: Problems in the Management of Cancer of the Larynx. 
+ Professor of Radiology and Director of Radiotherapy, Temple University Medical Center, Philadelphia, Pennsylvania. 


to 
to 


TABLE II 


ANATOMIC SITES OF LARYNGEAL CANCER 


1. Cord (glottis) 

2. Subglottic area 

3. False cord or ventricle 

4. Vestibule 

5. Posterior (laryngeal) surface 

6. Superior (lingual) surface and tip of epiglottis 
7. Arytenoid and aryepiglottic fold 


8. Larynx and pharynx—otherwise unclassifiable 


Tables 111, Iv, v, vI and vir show the disease 
free rates in the various stages, as described 
above. Cases lost to follow-up or dead of 
other causes are counted as dead of disease. 
The following points of special interest 
should be noted: (1) the five year disease 
free rate in unilateral cordal cancer is 80 
per cent; (2) the bilateral cases in Stage 1 
would have required total laryngectomy, 
despite the fact that they represented early 
Taste III 

CORDAL CANCER STAGE I 


(Treated five or more years ago) 


Total Five 

No. of Year Per Cent 

Cases Survivals 
Unilateral 19 15 80 
Bilateral 21 16 =6 
Determinate 89 
Total 40 ai 79 


None had secondary surgery. 
Five cases which died of other causes were counted as having 
died of disease. 
CORDAL CANCER STAGE II 


(Treated five or more years ago) 


Total Five 
No. of Year Per Cent 
Cases Survivals 
47 20 
Determinate 50 


Five cases which died of other causes before five years, 2 which 
were lost to follow-up and 6 which had surgery for recurrence 
then survived five or more years were counted as having died of 
disease. 
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TABLE V 
CORDAL CANCER—STAGE III 


(Treated five or more years ago) 


Total Five 
No. of Year Per Cent 
Cases Survivals 

8 


O 


Determinate 


Two cases which died of other causes were counted as having 
died of disease. 

TABLE VI 

CORDAL CANCER STAGE IV 


(Treated five or more years ago) 


Total No. 


of Cases 


Five Year 
Survivals Per Cent 


14 fe) 


TABLE VII 


CORDAL CANCER—SUMMARY 
on Five Per Cent 
Total 
: - Year Per Five Year 
Sur- Cent Determinate 
Cases 
vivals Survivals 
Stage I 40 3! 9 89 
Stage I] 47 20 43 50 
Stage III 27 8 30 32 
Stage IV 14 fe) 
Total 128 59 46 


disease; (3) there is a reasonable correla- 
tion between staging and survival, suggest- 
ing that the staging used has merit; and 
(4) these are long term survivors. Fighty 
per cent of those surviving five years were 
free of disease at nine years. 


SUBGLOTTIC CANCER 
No cases in which the tumor arose sub- 
glottically are represented. Such cases were 
considered as arising from the vocal cords 
and extending subglottically. Of 20 cases 
extending subglottically, 7 or 35 per cent 
survived five vears after treatment. 
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FALSE CORD OR VENTRICLE 

Ten cases arose in these sites, of which 8 
were disease free five or more years. While 
the number of cases is small, the survival 
rate is impressively high (Table vir). The 
surgical treatment required would have 
been total larvngectomy. 

EPIGLOTTIS 

Posterior (Laryngeal) Surface. When a 
tumor was confined to the body of the pos- 
terior surface of the epiglottis, or extended 
at most down to the cords or laterally to 
the vestibule, a high disease free five year 
figure was achieved. However, if the disease 
extended further, especially superiorly, to 
involve the aryepiglottic folds, arytenoids 
or epiglottic tip, or beyond, there were no 
five year survivors with radiation therapy 
(Table 1x). 

Superior (Lingual) Surface, Tip. There 
were no cases confined to the tip of the epi- 
glottis in this series. Two cases had slight 
extension to the vallecula, and both were 
disease free at five years; one recurred 
shortly afterward. Cases more advanced 
than this did quite poorly with radiation 
therapy (Table x). 


EXTRINSIC LARYNX ARYTENOID, ARYEPIGLOTTIC 


FOLD, AND LARYNX-PHARYNX 
These cases were grouped together be- 
Taste VIII 


FALSE CORD OR VENTRICLE CANCER 


(Treated five or more years ago) 


Total 
No. of | Year Per Cent 
Cases Survivals 
Early: Nolymph nodes 7 6 86 
involved; confined to 
tissue of origin or to 
adjacent tissue 
Advanced: More exten- 3 2 67 
sive than above or 
lymph nodes involved 
Total 10 8 8o 


One case which died of other causes was counted as having died 
of disease. 
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TABLE IX 


EPIGLOTTIS (POSTERIOR SURFACE) CANCER 


(Treated five or more years ago) 


Total 
No. of | Year Per Cent 
Cases Survivals 
Early: Not extending 14 10 72 
beyond interior of 
larynx 
Advanced: Extending to 16 2 Oo 
superior aperture of 
larynx beyond lar- 
nyx; lymph node me- 
tastasis; distant me- 
tastases 
Total 30 10 33 


cause it was not possible to determine more 

exactly the site of origin of the tumor. 
The number of “early” 

group is small (Table x1). 


cases in this 


RADIATION THERAPY OF RECURRENCE 


The salvage rate of secondary radiation 
therapy was dismal. Only 33 per cent of 
those so treated survived one year (Table 
XII). 


TaBLe X 
EPIGLOTTIS (SUPERIOR SURFACE) CANCER 


(Treated five or more years ago) 


Total Five 
No. of Year Per Cent 
Cases Survivals 
Early: Confined to tip 2* 2 100 
(o); slight extension 
to vallecula (2) 
Advanced: Locally more 38 3 8 
extensive than above; 
metastasis to lymph 
nodes; distant me- 
tases, etc. 
Total 40 5 12 


* In one case recurrence developed at seven years, well three 
years postoperatively; the other showed no evidence of disease 
after ten years. 
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TABLE XI 


EXTRINSIC LARYNX CANCER 
EPIGLOTTIC FOLD AND LARYNX-PHARYNX 


ARYTENOID, ARY- 


(Treated five or more years ago) 


Total ive 
No. of | Year Per Cent 
Cases Survivals 
Early: No metastatic 5 2 40 
lymph nodes; con- 
fined to arytenoids 
and folds 
Advanced: Metastatic 30 3 10 
lymph nodes extend- 
ing from larynx into 
hypopharynx 
Total 35 5 14 
Taste XII 


RESULTS OF RADIATION THERAPY FOR RECURRENCE 


Previous Treatment 


Total 

No. of Tot: artic 

N f otal Partial 

Cases Laryn- Laryn- Irradiation 

gectomy  gectomy 
64 48 8 8 
YEARS OF SURVIVAL 

21(33%) 15(31%) 4(50%) 2(25%) 
3yr. §(8%) 2(4%) 2 
S$ yr 4 (6%) 2 2 O 


CONCLUSIONS 

On the basis of the above results sum- 
marized in Table xi, the following types 
of cancer are suggested as amenable to 
radiation therapy: (1) cordal cancer con- 
fined to one, or especially both cords; (2) 
cancer of the false cord or ventricle; (3) 


cancer limited to the posterior surface of 


the epiglottis, or which has not extended 
beyond the vestibule or cords; ard (4) 
cancer confined to the superior surface and 
tip of the epiglottis, or with slight involve- 
ment of the vallecula. 

In cases more extensive than 
radical surgery is indicated, since the sur- 
vivals are considerably better. 


these, 


Exceptions may be made in the case of 


unilateral cordal cancer, where partial 
laryngectomy does equally well or perhaps 
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TaB_LeE XIII 


SUMMARY OF RESULTS OF RADIATION THERAPY IN 
243 CASES OF LARYNGEAL CANCER 


Total Per Cent 
Type of Cancer No. of | Five Year 
Cases Survivals 
Cord 128 
Stage | 40 79 
Stage II 47 43 
Stage ITI 27 30 
Stage IV 14 O 
alse Cord and Ventricle Te) 
Early 7 86* 
Advanced 3 67* 
Epiglottis 70 
Posterior Surface 30 a5 
Early 14 72 
Advanced 16 
Superior Surface 40 12 
Early 2 100* 
Advanced 38 8 
Extrinsic Larynx (Arytenoid, 
Aryepiglottic Fold, and Lar- 
ynx-Pharynx) 35 
Early 5 40* 
Advanced 30 10 


* Ten cases or less in a group. 


better. The voice is probably better after 
radiation therapy. Exception is also often 
necessary because of personal needs and 
demands of the patient. By and large, 
medical contraindications to surgery should 
be only those of contraindication to anes- 
thesia, since radiation therapy is far more 
trying and debilitating than surgery, espe- 
cially in the feeble. 

Treatment of the following groups has 
provided so little freedom from disease that 
they are best considered for palliation 
only: (1) recurrence after prior surgery or 
radiation therapy; (2) advanced cordal 
cancer, extending beyond the interior of the 
larynx; (3) advanced epiglottic cancer; and 
(4) most cancers arising in the arytenoids, 
aryepiglottic folds, or involving both the 
larynx and hypopharynx. 

Department of Radiology 
Temple University Medical Center 
Philadelphia, Pennsylvania 
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RECURRENT SEMINOMA: THE MANAGEMENT OF 
LATE METASTASIS, RECURRENCE, OR A SECOND 
PRIMARY TUMOR* 


By MILTON FRIEDMAN, M.D., 


and MANISH C. 


NEW YORK, 


N A previous report” based on g4 consec- 

utive and unselected seminomas of the 
testis treated from 1942 to 1946 at Walter 
Reed Army Hospital, the five vear appar- 
ent arrest rate was 83 per cent absolute, 
and g5 per cent relative. In the relative 
group, deaths due to radiation injury to the 
gastrointestinal tract from large doses now 
known to eliminated. 
Subsequent reports from several clinics 
showed arrest rates approaching these, but 
only for Stage 1 cases. The arrest rates for 
more advanced materially 
lower. Our high arrest rate for all stages was 


be excessive were 


lesions were 


due in part to individualized treatment of 


advanced disease and to careful manage- 
ment of atypical variants. One clinically 
important variant, late recurrence appear- 
ing several months or atter 
arrest of the first manifestation of disease, 
is the subject of this paper. 

Nesbit and Lynn,!° and Sauer ef a/." have 
stated that little or nothing can be ex- 
pected from subsequent treatment of late 
recurrence or metastasis. Wildermuth" in- 
cluded within a larger group one case of late 
metastasis arrested by irradiation for a 
period of nine years. Undoubtedly, other 
isolated cases of late metastasis have been 
incorporated 
but the entity of late recurrence or metas- 
tasis has not been independently studied. 
Contrary to the pessimistic outlook hith- 
erto noted, a number of these cases may be 
salvaged with the aid of a better knowledge 
of the probable incidence of metastasis, the 
anatomic pathways of metastasis, the na- 
ture of the histologic variants, and the 
proper irradiation for each type. 

It is not uncommon, long after the first 


even years 


analyses of larger series, 


* From the Lila Motely Radi 
College of Me 


ation Departm 
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Presented at the Forty-first Annual Meeting of the American Radium Society, Hot Springs, Virginia, April 
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manifestation of seminoma has been ar- 
rested, tor the disease to reappear in the 
form of: (1) left supraclavicular lymph 
node metastasis: (2) 
irradiated 


recurrence of previ- 
retroperitoneal lymph 
node metastasis; (3) retroperitoneal lymph 
node atter surgical removal; 
(4) mediastinal lymph node metastasis; 
(6) new pri- 
(7) bone 


ously 
metastasis 


(5) local recurrence in scrotum; 
mary tumor in opposite 
metastasis; (8) lung metastasis; (g) 
metastasis to the liver, adrenal, skin, etc. 


testis; 
or 


MATERIALS AND METHODS 


This report is based on 24 cases of late re- 
current seminoma treated during the past 
fourteen vears (Table 1 and Fig. 1), wherein 
the recurrent tumor appeared several 
months or atter the initial surgical 
and irradiation treatment had been com- 
pleted. The statistical incidence of this 
complication is approximately 14 per cent. 
Thirteen of these cases came from a series 
of 94 seminomas at Walter 
Reed Army Hospital in the years 1942 to 
1946, of which 66 were comprehensively 
treated by retroperitoneal lymph node dis- 
section, and 28 by simple orchiectomy 
followed by irradiation. This treatment was 
administered by one of us* with a system- 
atic irradiation technique, using mostly 
mev. roentgen rays. The remaining II cases 
were treated by different r: idiologists using 
various techniques. It will be of interest to 
compare the two groups. 


vears 


consecu ti ve 


The histologic diagnosis in this series was 
“seminoma, typical or atypical.” The term 
“atypical seminoma” is applied to those 
tumors which are not easily and clearly de- 
scribable as “pure seminoma” but which, 


ent, Hospital for Joint Diseases, and Department of Radiology, New York University 
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TABLE | 


RECURRENT SEMINOMA (24 CASES) 


FIVE YEAR SURVIVALS, GROUPED ACCORDING TO SITE AND EXTENT OF RECURRENCE 


Total 
Site of the Lesion No. of 
Cases 
Cases at 
Risk 
Left supraclavicular 9 2 
Previously irradiated retro- 
peritoneal lymph nodes (in- 
guinal, para-aortic or caval) 5 2 
Unirradiated retroperitoneal 
lymph nodes 
Mediastinal lymph nodes 4 I 
Base of scrotum 2 I 
New primary tumor 5 2T 
Bone 6 
Lung J 
Liver, skin, etc. 4 2 
Totals 10 


Only Recurrence 


Five Year Survivals 


First of Many 
Recurrences 


One of Many 
Recurrences 


Sur- Cases at Sur- Cases at Sur- 
vivals Risk vivals Risk vivals 
2 I 4 

I I 

2 
3 I 3 I 
2 I 
= 


* These columns cannot be summated because many patients had several types of metastases. 


t Two other patients are free of disease for less than five years. 


nevertheless, belong in the category of 
seminoma. Those lesions which resembled 
seminoma but were diagnosed as carcinoma 
of uncertain type were not included in this 
series. Although some diagnoses were ques- 
tionable, the slow progress of the disease 
corroborated the diagnosis of seminoma in 
many instances. 


TYPES OF LESIONS 
(1) LATE METASTASIS TO LEFT SUPRACLAVICULAR 
LYMPH NODES 

Late metastasis to the left supraclavic- 
ular (Virchow’s) lymph nodes was the 
most frequent lesion in this series (9 pa- 
tients). It was encountered clinically in 
three patterns: (a) a single recurrent lesion; 
(b) the first of several metastases; and (c) a 
later lesion in a series of successive me- 
tastases (Table 1). 

(a) The Only Recurrent Lesion. In 2 pa- 
tients (Cases 3 and g) a single left supra- 
clavicular lymph node metastasis was the 
only late disease. Both patients survived 
more than five years. Although retroperi- 


toneal lymph node dissection surprisingly 
had yielded normal lymph nodes in both 
patients, postoperative irradiation had 
been given, nevertheless, to these areas. In- 
volvement of the left supraclavicular 
lymph node appeared about one year after 
orchiectomy in both cases. In Case g the 
supraclavicular lymph node was given a 
tumor dose of 3,600 r in eleven days with 
200 kv. roentgen rays. The patient has 
been free of disease for thirteen years. In 
Case 3, the left supraclavicular lymph node 
received a tumor dose of 2,700 r in seven- 
teen days. Thereafter the entire medi- 
astinum was prophylactically irradiated 
through two opposing portals with 1 mev. 
roentgen rays. A large tissue dose of 5,200 r 
in twenty-seven days was given because the 
tumor was thought to be a very aggressive 
seminoma. This dose ultimately produced 
fatal fibrosis five and one-half years after 
the irradiation (six and one-half years after 
orchiectomy). 

(b) The First of Several Metastases. In 3 
patients (Cases 1, 2 and 7) the left supra- 


83, No. 


Recurrent Seminoma 


1942) 1943 1944) 1945 1946] 1947) 1948) 1949] 1950 195! 1952/1953 1954 1955 1956/1957 1958 
| 
2 
3 
4 
6 
? | 
8 
9 
10 
12 +~ 
! ! 
13 
14 — + 
15 
16 5 
18 
19 As 
20 v 
21 
A 
22 
23 
24 
ORCHIECTOMY RADICAL ORCHIECTOMY RECURRENCE OR NEW LESION 
NODE DISSECTION OTHER SURGERY DEATH 


IRRADIATION 


Fic. 1. Cases with recurrent seminoma. Cases I to 11, inclusive, and 14 and 15 were originally treated at 
Walter Reed Army Hospital. The other patients had their original lesion treated elsewhere. 


i 


Fic. 2. Case 2. Late metastasis to the mediastinum, 
supraclavicular lymph nodes and lung. Shaded 


clavicular lymph node metastasis was the 
first of a succession of late metastases. 
Case 2 (Fig. 2) survived eleven and one-half 
years after orchiectomy and eleven years 
after the supraclavicular lymph node metas- 
tasis. Death was due to late radiation 
fibrosis of the lung from excessive dosage 
administered because of mediastinal and 
lung metastasis (see below). Case 7 died 
three months after orchiectomy; Case 1 
twenty-four months after. Both cases had 
generalized metastasis. 

(c) A Later Lesion in a Series of Metas- 
tases. In 4 patients (Cases 5, 8, 12 and 17) 
late metastasis to the supraclavicular 
lvmph nodes occurred after other metas- 
tases had appeared. In this group the clini- 


area indicates the position of treatment portals. 
Death occurred eleven years after treatment of 
these metastases and was due to severe radiation 
fibrosis of the lung and mediastinum. 


j 
; 
A 
/) \\ 
| | 
\ 
f 


28 
ACROMIUNM 
LYMPH 
NODES 
\UVEGATIVE 


7/5/44 \\ 


ic. 3. Case 8. Many unusual features are present. 
The primary tumor metastasized to remote areas 
without demonstrable metastasis to the 
peritoneal lymph nodes. Late metastasis devel- 
oped in the supraclavicular lymph node, along 
with blood-borne metastasis to two bones at dif- 
ferent times. Patient is free of disease fourteen 


retro 


years since orchiectomy and eleven years since 
last metastasis. 


cal picture was so varied that no specific 
clinical pattern could be delineated. One 
patient (Case 8) has survived free of disease 
for fourteen years to date, although blood- 
borne metastases to bone occurred at two 
different times and to the left supraclavic- 
ular lymph node at another time (Fig. 3). 

Comment. When a supraclavicular lymph 
node becomes involved months to one year 
after the arrest of a surgical Stage 1 semi- 
noma,* the prognosis is hopeful (Table 1). 
Two patients are free of disease for thirteen 
and fourteen years after orchiectomy. Two 
other patients died from different causes 


six and one-half and eleven and one-half 


vears after orchiectomy, respectively. Even 
when the supraclavicular lymph node in- 


* Stage I seminoma is a primary tumor only, the retroperi 
toneal lymph node dissection having shown normal lymph nodes. 
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volvement was one of a series, there was a 
prolonged survival with disease for many 
vears. 

When an apparently pure seminoma 
metastasizes to the supraclavicular lymph 
node, it is liable to change its histologic 
character and become much more 
sive. This requires a larger than average 
radiation dose, but caution must be ob- 


aggres- 


served, for in 2 of our cases the doses were 
so excessive as to ultimately cause death. 
If the histologic examination of the supra- 
clavicular lymph node reveals pure semi- 
noma, the subsequent radiation tumor dose 
need not exceed 2,000 r. If the metastatic 
tumor is more malignant, the tumor dose 
need not exceed 3,000 r. 

(2) RECURRENCE IN PREVIOUSLY IRRADIATED 


LYMPH NODES, INGUINAL OR PARA-AORTIC 


Another important cause of failure in the 
treatment of seminoma is improper man- 
agement of the retroperitoneal lymph 
nodes. It is distressing to see a recurrence 
resulting from improper irradiation now 
that correct irradiation techniques have 
been described.’ Five of our patients are in 
this category. In 2 patients the recurrences 
were destroyed and the patients are free of 
disease for seven and four years, respec- 
tively. One of these (Case 16, Fig. 4) is prob- 
ably cured. The third patient (Case 17) 1s 
free of disease at present after six metas- 
tases were successfully irradiated over a 
period of seven vears. He will probably suc- 
cumb to future metastasis. Two other pa- 
tients died. If the retroperitoneal lymph 
nodes had been properly irradiated tollow- 
ing orchiectomy, all § patients would prob- 
ably have been cured. 

It would be instructive but too time- 
consuming to illustrate the errors in irradi- 
ation technique. The reader is referred to 
the section below on recommended treat- 
ment technique. 

The three major types of irradiation 
errors were improper placement of treat- 
ment portals, inadequate tumor dose, and 
failure to irradiate the next echelon of 
lymph nodes beyond the site of known dis- 
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IG. 4. Case 16. Two ty pes of late recurrence of dis 
recurrence in irradiated iliac 


ly mph nodes because of improper position of por 


ease: previously 
tal (cross hatched area) and inadequate tumor 
dose; and late matastasis to the unirradiated pre 
lumbar lymph nodes which should have been irra 
diated as part of the management of the primary 


disease. The dot-shaded areas indicate position of 


the portals used for the irradiation of the recur 
rent lesions. Patient is free of disease seven and 
one-half years after orchiectomy and seven years 
after first recurrence. 


ease. In several instances anterior abdomi- 
nal portals only were used with resultant 
inadequate tumor dose, or else there was 
too wide a space between the portals in 
both the vertical and horizontal axes. Oc- 
casionally, the portals did not cross the 
midline so as to include aortic as well as 
caval lymph nodes. Errors in dosage were 
due to undue prolongation of irradiation 
(Hig. 5), failure to increase the dose above 
optimum values when a tumor was massive 
in size and, consequently, more radioresist- 
ant, and failure to increase the dose above 
the optimum when the seminoma was con- 


taminated with microscopic elements of 


trophocarcinoma. 


(3) RECURRENCE DUE TO OMISSION OF TREATMENT 


OF RETROPERITONEAL LYMPH NODES 
It is still the practice of some surgeons to 
omit any kind of treatment to the retro- 
peritoneal lymph nodes in seminoma. This 
Is unwise because the incidence of retro- 


peritoneal lymph node involvement is sig- 
nificantly. high. Previously, in a series of 64 
without clinical 
evidence of metastasis) treated by one of 


Stage I cases of seminoma 


us (M.F.) and Lloyd G. Lewis,’ surgical re- 
moval of retroperitoneal lymph nodes dis- 
closed definite metastasis in 8 cases (12.5 
per cent). Staubitz ef a/.” in a group of 22 
seminomas not classified as to stage and 
similarly operated upon, found metastasis 
In 7 cases (32 per cent). The true incidence 
of metastasis is probably still higher, as is 
evidenced by the relatively low cure rate 
after treatment by means of simple orchi- 
ectomy) alone.’ 

We irradiated 4 cases of late lymph node 
metastasis g in the previously 
unirradiated retroperitoneal region. Two 


occurring in 


cases (Cases 20 and 21, Fig. § and 6) are free 


\ i 


lic. 5. Case 20. Original tumor had been treated by 
scrotal orchiectomy without postoperative irradi- 
ation. A recurrent inguinal nodule was locally ex- 
cised. The treatment portals were designed to ir- 
radiate not only the involved iliac lymph nodes, 
but other areas prophylactically. The unusually 
wide umbilical portal was designed to include pos- 
sible bizarre, locally infiltrative, disease. Patient is 
free of disease five years following orchiectomy and 
five years following treatment of recurrence. 
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lic. 6. Case 21. The primary tumor had been removed 
in 1951 by scrotal orchiectomy. No postoperative 
irradiation was given in spite of the histologic pic- 
ture of aggressive seminoma with moderate pleo- 
morphism and hyperchromatism. The supracla- 
vicular lymph node metastasis occurred in 1956 
and was irradiated with 200 kv. roentgen rays for 
a tumor dose of 2,240 r in twelve days. All subse- 
quent irradiation was given with 2 mev. peak 
roentgen rays. The abdominal mass was radiore- 
sistant and shrank very slowly. It was given a large 
total tumor dose of 4,226 r in twenty-four days 
because of the clinical impression that it might 
contain nonseminomatous elements. Since the per- 
sistent abdominal mass during treatment pre- 
vented the displaced kidneys from moving back 
into the irradiation field, it was not necessary to 
progressively reduce the size of the treatment 
portals. There was no late injury to the intestines 
or kidneys. Prophylactic irradiation was given to 
the other shaded areas. Patient is free of disease 
eight years following orchiectomy and three years 
following recurrence. 


of disease for more than three years. Two 
other patients (Cases 1 and 12) died. They 
might have been saved if irradiation had 
been given immediately following orchi- 
ectomy. 

The interval between orchiectomy and 
the appearance of metastasis in the 2 ar- 
rested cases was fifteen and_ fifty-four 
months, respectively. There was no correla- 
tion between interval and prognosis. 
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(4) MEDIASTINAL METASTASIS 

Mediastinal metastasis presents a more 
complicated problem when it occurs as a 
late incident rather than as a part of the 
first clinical manifestation of the disease. 
Of 4 patients in the series (Table 1), 2 were 
free of disease for eleven years, although 
one patient died in the eleventh year from 
radiation pneumonitis; one patient is alive 
but with disease elsewhere, seven years 
after irradiation of the mediastinal recur- 
rence; and one patient died of metastasis 
three years after the mediastinal recurrence 
was treated. 

An important feature of radiation tech- 
nique is illustrated by Case 11 (Fig. 7). In 
an attempt to reduce the total number of 
treatments in the first course in 1944, the 
left supraclavicular and superior medi- 
astinal lymph nodes were included in a 
single beam of 200 kv. roentgen rays di- 
rected downwards through the left supra- 
clavicular region. A skin dose of 4,000 r in 
fifty-four days delivered tumor doses of 
3,360 r to the left supraclavicular lymph 
nodes and 1,120 r to the superior medi- 
astinal lymph nodes. These metastases 
never recurred. The same beam of roentgen 
rays delivered a prophylactic tissue dose of 
600 r in fifty-four days to the lower medi- 
astinum. This latter dose proved to be sub- 
lethal, and a recurrent mass appeared in the 
lower mediastinum two years later. Re- 
irradiation with a tumor dose of 3,200 r in 
thirty-six days to the mass in the lower 
mediastinum destroyed the tumor. The pa- 
tient has been free of disease to date, four- 
teen years since onset. In retrospect, it 
would have been wiser to have irradiated 
the entire mediastinum with supervoltage 
roentgen rays and the left supraclavicular 
region separately with 250 kv. roentgen 
rays. 

Another patient (Case 2, Fig. 2) had 
mediastinal, left supraclavicular and pul- 
monary metastases. A tumor dose of 3,800 
r in thirty-four days was delivered to the 
entire mediastinum and most of the left 
lung through a large anterior and posterior 
portal using I mev. roentgen rays. The 
tumor was destroyed but the subsequent 
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TABLe II 


FATE OF LATE MEDIASTINAL METASTASIS 


Date of Date of 


4 Tumor Dose to 
Case No. First Mediastinal 


Years 


Survival Years Survival after 


ae hire Mediastinum after First Mediastinal Irradiation 
Tumor Irradiation 
Tumor 
2 1944 1945 3,800 rads in 34 days 12 11 (died of radiation pneumonitis) 
8 1942 1947 3,200 rads in 36 days 16 11 (alive and well) 
17 1948 1951 2,700 rads in 23 days 10 7 (with other disease) 
1g 1954 1955 3,000 rads in 1§ days 4 ; (died of metastasis) 


mediastinal and pulmonary fibrosis dis- 
abled the patient and caused his death 
eleven years later; a smaller dose might 
have cured him. 


ic. 7. Case 11. Primary tumor in the inoperable 
undescended testis. The black areas represent 
metastases at the time of the primary tumor. The 
dot-shaded areas represent the portals receiving 
1 million volt irradiation; the striped areas 200 
kv. roentgen rays. An error was made in trying to 
encompass the left supraclavicular and superior 
mediastinal lymph nodes within a single 200 kv. 
portal. The inadequate dose of 600 r to the lower 
mediastinum was followed by a recurrence two 
years later. This was subsequently irradiated. The 
patient is free of disease fourteen years following 
the original tumor and twelve years following re- 
currence in the inferior mediastinum. 


Comment. Late mediastinal metastasis 
can be successfully irradiated. Three pa- 
tients were given large tumor doses of ap- 
proximately 3,000 r in three weeks without 
sequelae. Two of these and one other sur- 
vived from seven to eleven years. It is prob- 
able that a tumor dose of 2,400 r in two 
weeks would have been equally effective. 

(5) RECURRENCE IN THE BASE OF THE SCROTUM 

This complication results from an error 
of commission rather than omission. The 
error consists of failure to remove the tes- 
ticular tunics, and may be compounded by 
improper postoperative irradiation. There 
may be spillage of cancer cells at the cut 
end of the spermatic cord. 

Surgery for the removal of the primary 
tumor of the testis should be performed 
through an inguinal incision. The testis 
should be brought out of the scrotum with 
the tunics intact, after the cord has been 
isolated at the internal inguinal ring and 
compressed with a rubber shod clamp. 
After the diagnosis has been confirmed by 
inspection, the spermatic vessels and the 
vas deferens should be doubly clamped, 
divided and ligated above the rubber shod 
clamp. 

The error in irradiation is avoided by 
placing the inguinal (anterior iliac) treat- 
ment portal low enough to encompass the 
base of the scrotum. Even if an improper 
scrotal orchiectomy has been performed, 
the potential harm.can be neutralized by 
proper irradiation of the base of the scro- 
tum. 

In this series 2 patients (Cases 6 and 23 
had recurrences in the base of the scrotum. 
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Taste II] 
BILATERAL PRIMARY TUMORS OF TESTIS 
Alive and \\ ell 
Case “est Interval iT Treatment after Sec-. after Second 
No. First Tumor (yr.) Se ae ond Orchiectomy | Orchiectomy 
I Seminoma I Seminoma None Died in I year 
4 Seminoma 1.5 | Seminoma Lymph node dissec 5 
tion 
14 Seminoma 4 Seminoma None 10 
22 Seminoma with 
trophocarcinoma 1.3 Seminoma Irradiation 
24 Seminoma ° Papillary trophocarcinoma | None 6 


In both instances this recurrence was suc- 
cessfully irradiated. However, in Case 23 
there was subsequent lung metastasis 
which has been arrested for a period of six 
months to date. He will probably die be- 
cause his aggressive seminoma contains 
areas of trophocarcinoma. 


(6) NEW PRIMARY TUMOR IN THE OPPOSITE TESTIS 


Harper ef a/.,° reviewing the literature on 
bilateral carcinoma of the testis, found 151 
cases to which they added 3. Whittle™ re- 
ported 4 more cases of double primary tu- 
mors of the testis. To these 158 reported 
cases we are adding § (Table 111). 

In 4 of our cases the second tumor in the 
opposite testis was the only new lesion, and 
all patients are living and well. In one pa- 
tient (Case 1), it was one among multiple 
later manifestations of the disease, from 
which the patient died one year after the 
removal of the second primary tumor. In 
2 cases (Cases 4 and 14) after the first orchi- 
ectomy, retroperitoneal lymph node dis- 
section had failed to reveal any metastasis, 
and irradiation tumor doses ranging from 
2,000 r to 3,000 r were given to the retro- 
peritoneal region. In Case 14 after removal 
of the second primary tumor, no further 
surgical or irradiation treatment was given. 
In Case 4, a second retroperitoneal lymph 
node dissection performed on the opposite 
side yielded no metastatic disease. Irradia- 
tion was not given. One patient is well after 
ten years and the other could not be traced 


after five years, though he was free of dis- 
ease at that time. 

In 2 other cases (Cases 22 and 24) the first 
orchiectomy was not followed by lymph 
node dissection but by irradiation. In Case 
22 the first seminoma contained tropho- 
carcinoma elements, and he was given 
rather large tumor doses ranging from 2,500 
r to 3,000 r to the retroperitoneal region 
with 200 kv. roentgen His second 
tumor was pure seminoma. After its re- 
moval he refused our recommended radical 
lymph node dissection and was therefore 


rays. 


given a second course of roentgen treat- 
ments to the same retroperitoneal lymph 
node regions. Two mev. roentgen rays were 
used and the treatment was easily accom- 
plished without sequelae. The patient is free 
of disease for one and one-half years since 
the second orchiectom y. The other patient, 
Case 24, had papillary trophocarcinoma in 
his second tumor. He refused surgical or 
radiation therapy to the lymph nodes fol- 
lowing a second orchiectomy and has been 
free of disease for six months. 

Management of the Second Primary 
Tumor. Our § patients have fared weil, 
there being only one death in spite of varied 
and occasionally incomplete treatment. 
This is due chiefly to the predominance of 
seminoma. 

The following policy for the management 
of retroperitoneal lymph nodes of the 
second primary tumor is suggested. The 
same general principles of treatment apply 


‘ 
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to the second tumor as to the first. How- 
ever, surgical and, more especially, irradi- 
ation sequelae in the skin or intestines from 
treatment of the first tumor will strongly 
influence the type of treatment of the 
second tumor. 

Procedure IVhen the Second Tumor Is 
Seminoma. Approximately 1,500 to 2,000 
r in two or three weeks is the routine tumor 
dose to the regional lymph nodes for 
seminoma. If the first tumor is treated with 
250 kv. roentgen rays, there usually results 
moderate irradiation sequelae of the skin 
and subcutaneous tissues. To minimize 
further skin damage the second course of 
irradiation should be given with super- 
voltage roentgen rays, attempting to avoid 
the same skin portals. It is wise to keep the 
total skin dose from the two courses of ir- 
radiation below 4,000 r. The intestines are 
also susceptible to irradiation injury and 
their tolerance dose is 4,500 r in fifty 
days.'* The total dose to the intestines 
from the two courses of irradiation should 
not exceed this tolerance dose. If the radia- 
tion sequelae from the first course of 250 
kv. roentgen rays are mild and if the dose 
to the intestines has been less than 2,000 r, 
it is safe to administer the second course of 
irradiation with 250 kv. roentgen rays, 
should supervoltage therapy not be avail- 
able. 

Procedure When the Second Tumor Is Non- 
seminomatous (Trophocarcinoma, Undiffer- 
entiated Carcinoma, Teratoma or Terato- 
carcinoma). A radical resection of the retro- 
peritoneal lymph nodes on the side of the 
second tumor must be performed. This 
operation is mandatory in most instances 
because the irradiation effects from the 
first course of treatment, regardless of the 
dose, usually prevent the administration of 
the large tumor dose of 3,500 to 4,000 r re- 
quired for these tumors. 


(7) METASTASIS IN BONE 


Seminoma metastasis in bone, as in the 
lung, is not necessarily fatal and conse- 
quently should be aggressively treated with 
irradiation. 


Recurrent Seminoma 


There are four clinical patterns of bone 
metastasis from seminoma: (a) The basic 
disease is virulent and runs its course 
rapidly, almost regardless of treatment. In 
Case 7 the entire known course of the dis- 
ease from onset to death was three months; 
(b) the primary tumor grows and metasta- 
sizes silently tor several years so that when 
the patient seeks treatment there are wide- 
spread lymph-borne and blood-borne metas- 
tases throughout the entire body including 
bone (Cases 10 and 12); (c) unexplained 
deep-seated pain may occur in certain 
bones which appear normal on roentgen- 
ographic examination. Roentgen therany 
given empirically will alleviate symptoms. 
Months or years later, roentgenographic 
evidence of healing sclerosis will occur 
(Case 19); and (d) several successive late 
metastases may appear in bone, and, when 
destroyed by irradiation, the disease be- 
comes arrested (Case 8, Fig. 3). 

In our series Case 8 had an orchiectomy 
and retroperitoneal lymph node dissection 
in July and August, 1944, which yielded 
normal lymph nodes. He subsequently had 
metastases to the right scapula (March, 
1946), to the left supraclavicular lymph 
node (August, 1946), and to the upper left 
humerus (September, 1947). These lesions 
were irradiated with tumor doses ranging 
from 2,500 to 2,900 r in approximately two 
weeks. The patient is alive and well four- 
teen vears after the orchiectomy and eleven 
vears after the last bone metastasis. This 
case is one of a group wherein the emboli of 
metastasizing tumor cells were not filtered 
out by the first echelon of retroperitoneal 
lymph nodes but landed in remote organs 
by way of the thoracic duct and blood 
vessel system. 

Comment. Bone metastasis from semi- 
noma should be aggressively irradiated be- 
cause an occasional patient may be cured 
and others effectively palliated. 

(8) METASTASIS IN THE LUNG 

Pulmonary metastasis of any cancer usu- 
ally results in death. This is not necessarily 
true for seminoma. Whittle? reported 6 
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cases with one survival for an unstated 
time. In our series 3 patients had late ap- 
pearance of metastasis in the lung. All pa- 
tients had metastases elsewhere. One pa- 
tient (Case 2, Fig. 2) died of radiation 
fibrosis of the lung eleven years after a 
tumor dose of 3,800 r in thirty-four days. 
This large dose, now known to be excessive, 
was given because the rapid clinical prog- 
ress of the disease suggested an aggressive- 
ness not disclosed by the histology of the 
tumor. Another patient (Case 19) died of 
multiple metastases elsewhere, one year 
after the lung metastasis had been success- 
fully and safely irradiated with a tumor 
dose of 1,850 rin ten days. The last patient 
(Case 23), whose pulmonary metastasis 
was the second late recurrent lesion, is now 
free of disease approximately one year 
after irradiation of the lung and two and 
one-half years after orchiectomy. He had 
multiple nodules of the right upper lobe 
and hilus with superimposed pneumonitis 
which had masked the recurrence for many 
months. The lung lesions were successfully 
irradiated with supervoltage roentgen rays, 
the tumor dose being 2,780 r in fourteen 
days. 

Comment. Pulmonary metastasis from 
seminoma does not necessarily indicate a 
hopeless prognosis. Prolonged palliation 
and even an occasional cure are possible 
with proper irradiation. Seminomas which 
metastasize to the lungs tend to be more 
aggressive than typical seminoma and are 
probably slightly more radioresistant. For 
this reason a tumor dose of 2,400 r in three 
weeks is recommended. This is best de- 
livered with supervoltage roentgen rays. It 
is necessary to include the mediastinum in 
the treatment field. 


(g) METASTASIS TO LIVER, SKIN, ETC. 


Four patients had remote generalized 
metastasis. None survived five years after 
the appearance of the first metastasis. 
These lesions should be aggressively ir- 
radiated because satisfactory palliation can 
be obtained for several years. 
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RELATION OF HISTOLOGY TO 
PROGNOSIS 

In this selected series of clinically aggres- 
sive lesions, one would expect a higher than 
usual incidence of the more virulent types 
of seminoma.' This is true but not con- 
sistently so. 

We recognize several histologic types of 
seminoma though they do not all exhibit 
characteristic clinical behavior: 

1. Typical seminoma—an_ undifferenti- 
ated tumor with large pale cytoplasm, 
fairly regular nuclei, and few to rare mi- 
totic figures. 

2. Seminoma with lymphoid stroma 
marked increase 1n number of lymphocytes 
diffusely dispersed throughout the stroma 
and parenchyma. 

3. Aggressive seminoma— pleomorphism 
and hyperchromatism with numerous mi- 
totic figures. 

4. Seminoma with trophocarcinoma*— 
isolated small areas of cytotrophoblasts or 
syncytiotrophoblasts associated with an in- 
creased number of capillaries. 

One other histologic variety, “‘undiffer- 
entiated carcinoma resembling seminoma,” 
should be mentioned. When the primary 
tumor is of this type, it is not classified as 
seminoma even though the subsequent 
clinical course may resemble that of semi- 
noma. This lesion is not included in the 
present series. Rarely a tumor considered 
as pure seminoma metastasizes as undifter- 
entiated carcinoma. Examples are found in 
the present series. 

The classification of the 
tumors in this series is given in Table rv. 
‘The number of cases in each category is too 
small to suggest any trend. However, each 
histologic type can behave aggressively. 
This indicates that factors other than the 
histologic type are responsible for late re- 
currence and metastasis of seminoma. 
These factors are omission or delay in the 


histologic 


* The reader is invited to join the authors in substituting the 
terms, ‘“‘trophocarcinoma” and “undifferentiated carcinoma” for 
the semantically inapplicable term, “embryonal carcinoma.” All 
germ cell tumors of the testis are embryonal in nature, and it is 
misleading to apply that term to only one type. 


Recurrent Seminoma 


TABLE IV 


RELATION OF HISTOLOGY 


Typical Sem; Seminoma with 
ypical Seminoma 
YI Lymphoid Stroma 


Alive Dead Alive Dead 
6 I 
(3 died of 


di mecre 


a 


postorchiectomy treatment of retroperi- 
toneal lymph nodes, or improper irradiation 
technique and dosage. We know from other 
studies that seminoma with trophocarci- 
noma requires a large tumor dose for its 
destruction. We know also that seminoma 
with trophocarcinoma is more aggressive 
clinically than pure seminoma. 

Two patients in this series, with typical 
seminoma in the testis and normal retro- 
peritoneal lymph nodes surgically removed, 
had late metastasis in the left supracla- 
vicular lymph node in the form of undiffer- 
entiated carcinoma. One patient subse- 
quently had generalized metastasis and 
one did not. This type of clinically ag- 
gressive tumor can be arrested with proper 
irradiation, 

In 9 cases, the tumor grew and metas- 
tasized at an excessively rapid rate and 
caused death within a short time or else 
produced multiple remote metastases. Ex- 
amination of the primary tumors showed 5 
typical seminomas, I aggressive seminoma 
and 3 seminomas with trophocarcinoma. 
Once again there was no correlation be- 
tween histologic type and prognosis among 
the cases in this study. 

CLINICALLY AGGRESSIVE DISEASE 

A few seminomas are clinically aggressive, 
and despite adequate treatment produce 
successive remote metastases which ulti- 
mately cause death. They comprise ap- 
proximately 1 or 2 per cent of all semi- 
nomas. This figure is a crude approximation 
as our cases are statistically biased with re- 
spect to this entity. Theoretically, all 


» 
rO PROGNOSIS 
Aggressive Seminoma with 
Seminoma lrophocarcinoma 
Alive Dead Alive Dead 


I 


(for I and 3 


years) 


Stage I seminomas should be cured, with 
the possible exception of the clinically ag- 
gressive type. The cure rate should exceed 
g§ per cent. 

Microscopic study of the excised tissues 
in the clinically seminoma 
showed no consistent histologic pattern. 


ageressive 


Clinically aggressive seminomas are seen in 
three patterns or syndromes: 

(a) From the beginning the disease is 
aggressive and the metastasis proceeds 
silently and rapidly. At the time of the 
first diagnosis, it is widely disseminated 
throughout the abdomen and elsewhere. 
The life expectancy of the patients is short. 
In our 3 cases (Cases 1, § and 7) death oc- 
curred following orchiectomy within three 
months, two years, and two years, respec- 
tively. In retrospect it is doubtful that any 
type of treatment could have cured these 
patients. 

(b) When there is long delay between 
onset of disease and first definitive treat- 
ment, due to neglect by the patient or ob- 
scure symptomatology , the seminoma may 
become widely disseminated. Successive 
new metastatic lesions outrace the ability 
of irradiation to destroy the disease (Cases 
1 and 12). Patients in this category can be 
helped by the use of supervoltage irradia- 
tion, which accelerates the rate of treat- 
ment and the ability to overtake the new 
metastatic lesions. 

(c) In the third pattern of clinically ag- 
gressive seminoma, the course of the dis- 
ease extends over many years. There ap- 
pear recurrent crops of small remote metas- 
tases (in the skin, skull, lung, vertebrae, 


, 
Vor. 83, No. 1 
| 


36 Milton Friedman and Manish C. Purkayastha 


other bones, brain, etc.). Most of these in- 
dividual lesions can be controlled, but ulti- 
mately after a number of years death en- 
sues. Later lesions may occasionally be less 
radiosensitive than the average seminoma, 
vet the histology does not change. There 
were 3 cases in this series (Cases 8, 17 and 
19). Case 8 (Fig. 3) with multiple bone le- 
sions is free of disease for fourteen years; 
Case 17 which had seven successive crops 
of metastases is at this time (December, 
1958) free of disease, nine years after onset; 
Case 19 with six crops of tumors died after 
four years. It is possible to prevent patients 
from falling into this category by proper 
surgical and irradiation treatment at the 
first manifestation of the disease. 


TUMOR DOSE FOR LATE RECURRENCE 
OR METASTASIS 


In previous studies we established by 
clinical and histologic experiment that a 
useful optimum tumor dose for typical 
seminoma was 1,000 r in ten days (1950).° 
This was subsequently expanded into an 
isoeffect tumor dose curve (1956)? for doses 
given over a period of five to fifty-five days. 
This is identified as the “‘typical”’ curve in 
Figure 9. 

The tumor doses administered in the 24 
cases with late recurrence or metastasis 
were independently analyzed. A scatter 
diagram was constructed (Fig. 8) based on 
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Fic. 8. Scatter diagram of doses delivered to 51 le- 
sions in 24 patients with recurrent seminoma. An 
isoeffect recovery curve was drawn free-hand. 
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‘ic. g. Recommended time-dose curves for seminoma 
of the testis. The curve for “typical”? seminoma 
was derived from a previous study.” The curve for 
“recurrent” seminoma was taken from Figure 8. 
The curve for “‘radioresitant’”? seminoma was 
based on clinical experience. The criteria for radio- 
resistant seminoma are enumerated in the text. 


the ettect of a given dose of irradiation on 
individual tumors. Doses given with super- 
voltage roentgen rays (I mev. or 2 mev.) 
were corrected by the use of an RBE factor 
of o.g. This type of data, analyzed retro- 
spectively, is not suitable for mathematical 
treatment. However, it is reasonable to 
draw by freehand an average isoeffect curve 
(recovery curve), so that most of the doses 
above the curve would be considered suc- 
cessful or excessive and most of the doses 
below the curve would fail to destroy a 
tumor. 

This type of curve is a useful clinical 
guide for selecting dosage for a particular 
case of recurrent seminoma. From the 
standpoint of radiosensitivity and tumor 
dose, there are three classes of seminomas: 
typical seminoma, recurrent seminoma, 
and radioresistant seminoma. To aid the 
radiotherapist in selecting a proper tumor 
dose, Figure g was constructed. The dosage 
curve for recurrent seminoma was trans- 
ferred from Figure 8; the curve for typical 
seminoma was taken from a_ previous 
study.! The curve for radioresistant semi- 
noma is an arbitrary recommendation for 
that group of seminomas which are radio- 
resistant. 
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Many tumors are more radioresistant 
than typical seminoma and require larger 
doses for their eradication. Increased 
radioresistance of seminoma is caused by or 
is associated with: (1) Atypical histologic 
variant such as seminoma with trophocar- 
cinoma, aggressive seminoma, and undif- 
ferentiated carcinoma resembling semino- 
ma; (2) aggressive local behavior such as 
early infiltration with fixation, or bizarre 
local recurrence; (3) massive tumors. In 
addition to being inherently more radio- 
resistant, the latter tumors often shrink in 
volume at a deceptively slow rate, because 
massive central necrosis and disorganized 
blood supply prevent efficient absorption of 
dead tissues. The persistent mass, which 
usually consists of fibrotic and necrotic 
tissue, may prompt the therapist to give an 
unnecessarily and dangerously large dose. 
As a rule, when the mass exceeds 8 cm. di- 
ameter, the tumor dose should not be less 
than 2,500 r in two weeks nor should it 
exceed 4,000 r in five weeks; (4) central 
necrosis in a tumor of moderate size often 
due to the presence of trophoblastic ele- 
ments; (5) previous irradiation. The re- 
current tumor tends to become more 
radioresistant; (6) tumor metastasizing in 
a manner similar to that of a carcinoma, 7.e., 
through the blood stream to bone, lung and 
skin. However, occasionally, a tumor of this 
type may be as radiosensitive as a typical 
seminoma; (7) histologic type of tumor 
changing from seminoma to carcinoma. 


RESULTS 


Survey of the results of this heterogenous 
group of 24 consecutive, unselected semi- 
nomas demonstrates a highly favorable 
prognosis for recurrent seminoma. This is 
contrary to the pessimistic outlook based 
on published statements that little can be 
accomplished for this entity and that cures 
are rare and sporadic. 

The five year survival rate, dated from 
the first recurrence, was 55 per cent, and 
the ten year survival rate 50 per cent 
(Table v). When dated from orchiectomy, 
the five year survival rate was 70 per cent 
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and the ten year rate 53 per cent (Table 
VI). 

The detailed chronology of events for 
each case is diagrammed in Figure 1. Cor- 
rect surgical and irradiation treatment of 
the first manifestation of the disease re- 
duces the incidence of late recurrence to 
14 per cent.” It also improves the prognosis 
following a recurrence so that the five year 
apparent arrest rate of seminomas can 
exceed 90 per cent. 

Other factors influence the prognosis 
(Table 1). When the metastasis, recurrence 
or second primary tumor was the only late 
manifestation, the prognosis was excellent, 
7 of 10 patients (70 per cent) survived five 
years. When it was the first of many re- 
currences, 3 of 8 patients (38 per cent) sur- 
vived for five years. The number of cases is 
too small to warrant correlation of prog- 
nosis with anatomic site. It is of interest 
that arrests have been achieved following 
late metastasis or recurrence in the left 
supraclavicular lymph node, retroperi- 
toneal lymph nodes, mediastinum, base of 
the scrotum, bone, lung and following a 
second primary tumor. No arrests were 
achieved after the disease had become 
widely disseminated in the liver, adrenal 
or skin. 

RECOMMENDATIONS 

Analysis of the causes of failure in this 
series of 24 cases has yielded much addi- 
tional information so that we can amplify 
our earlier description’ of the technique of 
treatment of seminoma of the testis. 


PREMISES ON WHICH TREATMENT TECHNIQUE IS BASED 


Cure of the disease depends predomi- 
nantly on the eradication of metastasis in 
the retroperitoneal lymph nodes. In _ pa- 
tients without clinical or laboratory evi- 
dence of metastasis, Lewis’ found a 12.5 
per cent incidence of demonstrable metas- 
tasis at surgical exploration of the retro- 
peritoneal lymph nodes. However, the true 
incidence of metastasis probably is higher, 
as evidenced by the low cure rates follow- 
ing simple orchiectomy alone. Therefore, 
in every case of seminoma the retroperi- 


} 


38 


Milton Friedman and Manish C. Purkayastha 


January, 196 


TABLE V 


RECURRENT SEMINOMA: SURVIVAL SINCE FIRST RECURRENCE (DEC. 1958) 


Years Survived 


No. of 

1944 I I Oo Oo Oo > O 
1945 6 5 5 4 4) 4 3 3 3 3 3 2 2 2 
1947 I Oo Oo ) C ( Oo 
1948 2 2 I I I I I 
1951 3 2 2 2 2 2 2 2 
1955 3 3 3 2 
1956 I I I 
1957 I I | 
1958 I I 

SUMMARY 
Years after Recurrence I 2 3 4 5 8 10: | | ta 
No. Arrested 21 11 | 10] 9g 9 7 5 2 

Per Cent Arrested 88 | 74 | 59 | 52 ||55]| 53 | 53 | 41 | 50 [so] 36 | 42 | 18 O° 


toneal lymph nodes should be treated. 
Roentgen therapy is recommended instead 
of radical surgery because radiosensitive 
seminoma requires small doses of roentgen 
rays which do not damage normal tissues. 
The most common site where metastasis 
first appears is in the lymph nodes around 
the aorta or vena cava at the prelumbar 
level between the bifurcation of the aorta 
and the renal vessels. The width of the in- 
volved area, when the lymph nodes are so 
small as to be impalpable, is approximately 
5 to 6 cm. For additional assurance we 
irradiate a strip 10 cm. wide (Fig. 11). 
Since there is no metastasis in the lateral 
abdominal gutters, it is not necessary to 
use abdominal fields wider than this, with 
one exception: a tumor of the left testis 
metastasizes in one-third of the cases along 
the spermatic vessels rather than the aorta 
(Fig. 10) and lodges in the upper spermatic 


lymph nodes near the hilus of the left kid- 
ney. To encompass these lymph nodes, the 
roentgen-ray portal at this level is widened. 

The two levels of metastatic retroperi- 
toneal lymph nodes next in frequency are 
the iliac lymph nodes on the respective side 
of the primary tumor, and/or the upper 
para-aortic or pericaval lymph nodes ex- 
tending from the level of the renal vessels 
to the diaphragm. All three levels of retro- 
peritoneal lymph nodes are considered as 
the first echelon of lymph node metastasis 
and should always be irradiated (Fig. 11 
and 12). 

Seminoma rarely metastasizes to the 
deep pelvic or hypogastric lymph nodes. 
Therefore, it is not necessary to use a pos- 
terior pelvic treatment portal. However, a 
posterior pelvic portal is used for a large 
pelvic mass, as encountered in a primary 
seminoma of an undescended intra-abdomi- 
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Tas_e VI 
RECURRENT SEMINOMA: SURVIVAL FOLLOWING ORCHIECTOMY (DEC, 1953) 
Years Survived 
No. of 
New Cases 
1945 6 i i 3 2 2 2 2 p 2 2 2 2 
1946 I I I I I I I I I I I I I 
1950 2 
1952 
1953 O O 
1954 2 2 2 2 I 
1956 
1957 
1958 
SUMMARY 
Years after Orchiectomy 1 31 4] 6] 7] 8] 10] 12] 13] 14] 15 
No. of Cases Treated 24 | 24 | 23 | 22 | 20 | 20] 20 | 17 | 17 | 17 | 16] 146] 13 7 I 
No. Arrested 23 | 22 | 17 1 | tH] 12 9 9 9 7 6 
Per Cent Arrested 96 | 91 | 74 | 68 || 70]| 70 | 60 | §3 53 44 | 50 | 46 | 56 |100 


nal testis (ig. 7) or a very large metastatic 
iliac lymph node (Fig. 4). 

The question of contralateral lymph 
node metastasis will become clarified in the 
near future by the increasing employment 
of transabdominal operative approach to 
the retroperitoneal lymph nodes. In our ex- 
perience the irradiation portals recom- 
mended previously have satisfactorily dealt 
with any possible contralateral lymph node 
metastasis not clinically evident. 

An intravenous urogram interpreted as 
normal does not rule out retroperitoneal 
metastasis. An enlarging retroperitoneal 
lymph node can usually be palpated before 
it becomes large enough to deviate a ureter, 
except in a very obese individual. Enlarged 
lymph nodes from right sided tumors do 
not deviate the ureters unless they become 
massive. Tumors of the left testis metas- 


tasizing to the renal pedicles may dislocate 
either the kidney or ureter. 

Tumor cells may be disseminated at 
operation at the point of division of the 
spermatic cord, either in the scrotum or 
inguinal region. To counteract this possi- 
bility, the lowermost irradiation portal 
should be extended downward to include 
that incision line. 

When metastasis to the upper abdomen 
is SO Massive as to overlay both renal pedi- 
cles (Fig. 6), care must be exercised in the 
irradiation technique not to exceed a tissue 
dose of 2,300 r to the whole of both kidneys, 
as this could cause a fatal nephrosis.* As the 
irradiated mass shrinks, the size of the 
portal should be progressively reduced. 

Our policy is always to irradiate one 
echelon of lymph nodes beyond the site of 
demonstrable metastasis. 
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Fic. 10. Position of typical abdominal mass when 
metastasis has spread to left spermatic lymph 
nodes. The dot-shaded area indicates the treat- 
ment portals to be employed. 


Outside the abdomen, seminoma metas- 
tasizes next to the mediastinum and left 
sternoclavicular (sentinel) lymph nodes 
with equal frequency. Both regions may be 
simultaneously involved. Anatomically, the 
mediastinal lymph nodes are a direct ex- 
tension from the upper abdominal lymph 
nodes. 

Metastasis in the lungs is infrequent in 
seminoma. It is usually a preterminal con- 
dition, as the disease has now entered the 
blood stream. The lung should not be pro- 
phylactically irradiated routinely because 
the local and general effects of this irradia- 
tion can be severe when the tissue dose ex- 
ceeds 2,000 r. 

In general, all metastatic lesions with a 
histology similar to that of the primary 
tumor require the same tumor dose for their 
destruction, with the exception of very 
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large masses which are somewhat more 
radioresistant. Widely disseminated metas- 
tases should always be aggressively ir- 
radiated with the appropriate tumor dose 
because an occasional cure may be achieved 
(Fig. 3), and prolonged comfortable life for 
many years is not infrequent. 

Some tumors are radioresistant and re- 
quire larger doses than usual. The recom- 
mended levels are illustrated in 
Figure 9. 


dose 


IRRADIATION TECHNIQUE 
Supervoltage roentgen rays are always 
preferable in the treatment of seminoma 
and are almost mandatory for postirradia- 
tion recurrences or when there are exten- 
sive metastases in the abdomen or thorax. 
With conventional 250 kv. roentgen ray 
apparatus, many treatments and a long 
period of time to deliver the necessary 
lethal tumor doses to each successive level 
of lymph nodes are required. During this 
period it is not uncommon for the growing, 
more remote metastases to outrace and 

frustrate the plan of treatment. 
A simple routine irradiation technique 
can be employed in more than 8o per cent 
of seminomas, as they are Stage 1 lesions 


ic. 11. Recommended portals for prophylactic ir- 
radiation of the retroperitoneal lymph nodes in a 
typical Stage 1 seminoma arising in the left testis. 
The umbilical and lumbar portals measure 10X15 
cm. The other portals measure 10X10 cm. 
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(no demonstrable evidence of metastasis). 
This technique has previously been de- 
scribed.’ Figure 11 illustrates the position 
of portals for a left sided tumor. The portals 
are centered along the dotted line repre- 
senting the left iliac artery and aorta which 
are situated to the left of the midline. For a 
right sided tumor the pericaval lymph 
nodes lie in the midline and the portals are 
appropriately centered. The iliac portal oc- 
cupies the same relative position on either 
side. The umbilical and lumbar portals in 
Figure 11 measure 10X15 cm. each and the 
three other portals measure 10X10 cm. 
each. 

It is occasionally difficult to achieve the 
proper tumor dose because supervoltage 
radiation is not available, the patient is 
very obese, or the tumor is radioresistant. 
In this event the portals illustrated in 
Figure 12 should be employed. The central 
axes of each pair of beams are angulated in- 
wards toward a common line. If metastasis 
to the left spermatic lymph node is sus- 
pected, the umbilical portal can be widened 
to 15 cm. (Fig. 10). A posterior pelvic 
portal is not employed except when there is 
an atypically large mass in the pelvis (Fig. 
4 and 7). 

When the abdominal mass is very large 
(Fig. 6) so that its irradiation may compro- 
mise the whole of both kidneys, very large 
portals can be employed. As the tumor 
shrinks, the portals should be progressively 
narrowed so as to spare the kidneys. If the 
persistent tumor still requires more than 
the kidney tolerance dose, lateral cross- 
firing portals must be used, preferably with 
a well-collimated beam of supervoltage 
roentgen rays, which have minimal side 
scattering. 

When there has been demonstrable ab- 
dominal metastasis, both the mediastinum 
and supraclavicular regions are prophylac- 
tically irradiated. The mediastinum should 
be irradiated through anterior and poste- 
rior portals; the lower margins are con- 
tiguous with the abdominal portals and 
the upper margins reach the sternal notch. 
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lic. 12. Recommended portals to be employed when 
the required dose cannot be delivered with 250 
kv. roentgen rays using the portals illustrated in 
igure 11. All beams are angled toward a com- 
mon center line. 


The left supraclavicular region should be 
irradiated separately. The error we made 
in Case 11 (Fig. 7) should be avoided. We 
undertook with 200 kv. roentgen rays to 
irradiate metastases in the upper medi- 
astinum and left supraclavicular lymph 
node through a single portal directed down- 
ward and medially. The dose to the lower 
mediastinum was inadequate to prevent a 
recurrence two years later. 

When one lung is involved, it can be 
irradiated through large anterior and pos- 
terior portals which must include the medi- 
astinum (Fig. 2). To avoid fibrosis, it is 
wise not to exceed a central tissue dose of 
2,500 r. When there are metastases in both 
lungs, the entire chest should be irradiated. 
We have never cured a patient of this type 
although we have been told of a rare cure. 


CONCLUSIONS 


1. Recurrent regional seminoma, late 
metastasis or a second primary tumor are, 
contrary to published opinion, highly cura- 
ble lesions. In a series of 24 cases the sur- 
vival rate from the date of the first recur- 
rence was $5 per cent for five years and 50 
per cent for ten years. When related to the 
first orchiectomy, the survival rate was 70 


| 


42 Milton Friedman and Manish C. Purkayastha 


per cent at five years and $3 per cent at ten 
years. 

Unusual cures can be expected, even 
in the presence of widespread massive 
lymph node metastasis and widely dis- 
seminated blood-borne metastases to bones 
lungs. 

. Following orchiectomy for seminoma, 
retroperitoneal ly mph nodes should 
always be irradiated since the incidence of 
metastasis is probably higher than 32 per 
Cent. 

4. Supervoltage roentgen therapy or 
gamma beam teletherapy is necessary for 
effective treatment of most cases of late 
recurrent seminoma. Its virtues are: large 
depth dose for deep seated or radioresistant 
tumors, skin-sparing effect in previously 
irradiated areas, and a rapid over-all treat- 
ment time which permits overtaking widely 
disseminated metastases. 

5. Some seminomas are less radiosensi- 
tive than average and should be irradiated 
with the appropriately higher dosage. 

6. A second primary tumor in the oppo- 
site testis should be treated accoiding to its 
requirements unless hindered by sequelae 
from treatment of the first tumor. 

7. No correlation was found in this series 
between histologic degree of malignancy 
and clinical aggressiveness. 

8. Seminoma is essentially an indolent 
tumor. However, approximately 1 or 2 per 
cent of all cases are clinically aggressive 
and cause death in spite of efficient treat- 
ment. 

When the original disease had been 
efficiently irradiated, the prognosis follow- 
ing the recurrence was somewhat better 
than when the original irradiation had been 
inefficient. 

10. When the late recurrence was the 
only one, its prognosis was excellent (70 
per cent five year survivals from date of re- 
currence). When it was the first of many re- 
currences, the survival rate was 38 per cent. 

A revised and amplified technique 
for all seminomas has been described. Its 
proper application in a consecutive series 
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of primary seminomas including all stages 
should produce a five year arrest rate ex- 
ceeding 90 per cent. 


Milton Friedman, M.D. 
1016 Fifth Avenue 
New York 28, New York 
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TUMORS OF THE TESTIS 


By ROBERT G. PARKER, M.D.,* and JOHN B. HOLYOKE, M.D.+ 


SEATTLE, WASHINGTON 


ITH the renewed interest in tumors of 

the testis during World War II, much 
of the confusion in terminology has been 
cleared. Also, earlier and more vigorous ap- 
plication of surgery and radiation therapy 
has resulted in lowered mortality rates. 
Since these treatment modalities frequently 
are combined, there is some doubt as to the 
contribution of each. Therefore, it seems 
pertinent to report this series in which sur- 
gery virtually has been limited to orchi- 
ectomy for removal of primary disease, 
while roentgen therapy alone has been util- 
ized in nearly all cases for control of meta- 
static disease. 


MATERIAL 


Between January, 1940, and July, 1955, 
10g patients with a tentative diagnosis of 
testicular neoplasm have been seen in the 
Tumor Institute of The Swedish Hospital. 
Pathologic material was not available in 10 
cases. In 8 of these 10 cases the patient was 
seen on a single visit only. In the remaining 
2 cases, small doses of roentgen rays were 
directed to metastatic masses for palliation. 
In an additional 2 cases the reviewed ma- 
terial was considered insufficient for diag- 
nosis. One of these patients was seen in con- 
sultation on a single visit. The other had 
a trial of roentgen therapy, administered 
elsewhere, to a testicular mass. Although 
this irradiated testis originally was diag- 
nosed as harboring seminoma on the basis 
of postirradiation histology, the material 
available now is considered unsuitable for 
diagnosis. This patient remains well eleven 
years after further postorchiectomy, pelvic, 
and abdominal roentgen therapy. In the re- 
maining 97 cases the pathologic material 
has been reviewed. This includes in all in- 
stances microscopic sections of the primary 
tumor. In approximately one-half of the 


cases, tissue from the epididymis and sper- 
matic cord was examined. In 8 instances 
postmortem material available for 
study. In all but a few cases gross descrip- 
tions of the surgical specimens were ob- 
tained. In approximately one-half of these 
cases, pathologic material was taken from 
the files of the Swedish Hospital. The re- 
maining material came from a large num- 
ber of institutions in the surrounding area. 


Was 


CLASSIFICATION 


Ninety-four of the 97 tumors in which 
histologic material was available were pri- 
mary testicular neoplasms. The remaining 
3 tumors were malignant lymphomas. 
Ninety-one of the 94 primary tumors were 
“oerminal’*neoplasms. The remaining 3 
were interstitial cell tumors. “‘Germinal”’ 
tumors were classified with a scheme?’ which 
has become reasonably standardized over 
the last twelve years, and has proved itself 
in that survival rates have varied with 
diagnosis. Its wide acceptance makes possi- 
ble a better comparison of results from one 
series to another. This classification is based 
upon the recognition of four basic histologic 
patterns: seminoma, teratoma, embryonal 
carcinoma, and choriocarcinoma. These four 
patterns occur in combinations and present 
five recognizable tumors: (1) seminoma; (2) 
embryonal carcinoma with or without semi- 
noma; (3) teratoma with or without semi- 
noma; (4) feratocarcinoma—a combination 
of embryonal carcinoma or choriocarci- 
noma and teratoma with or without semi- 
noma; and (5) *choriocarcinoma with or 
without seminoma and/or embryonal carci- 
noma. 


* The origin of seminomas from germinal epithelium has been 
questioned. Recently, Roosen-Runge*! has suggested that these 
tumors may arise from Sertoli’s cells. 


* Tumor Institute of The Swedish Hospital, and Department of Radiology, University of Washington School of Medicine, Seattle, 


Washington. 


+ Department of Pathology, The Swedish Hospital, Seattle, Washington. 
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Taste 
No. of Cases 
Seminoma 49 
Embryonal Carcinoma 21 
Teratocarcinoma 19 
Teratoma 
Choriocarcinoma 2 
Interstitial Cell Tumor 3 
Lymphoma 3 


The rationale of these groupings was 
clearly stressed by Friedman and Moore‘ 
and by Dixon and Moore.’ These observers 
noted that seminoma occurring with other 
elements did not seem to alter its expected 
biologic behavior. On the other hand, tera- 
toma in combination with other usually 
sinister histologic patterns seemed to exert 
a distinctly ameliorating effect on the ex- 
pected unfavorable survival rates. The 
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number of cases comprising each of these 
tumors is listed in Table 1. 


DESCRIPTION OF NEOPLASMS 


Seminoma. Grossly these tumors varied 
greatly in size from a volume of 2 cc. to 
1,200 cc. The average volume was 270 cc. 
and the median volume 175 cc. These 
tumors, in general, were much the largest 
of all the testicular tumors. The process 
usually replaced the entire testis with firm, 
rubbery, gray tissue. Not infrequently, 
however, there was a rim of compressed 
testicular tissue remaining. Occasionally, 
small islands of tumor were located at vari- 
ous points throughout the moderately en- 
larged testis. Frequently, demarcated pat- 
terns of recent or old ischemic necrosis were 
apparent. The tumor tended to remain con- 
fined to the testis. However, invasion of the 
capsule or epididymis was seen in approxi- 
mately one-third of the cases where data 
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Fic. 1. Seminoma. Note the round uniform cells and delicate stroma. The effect of formalin 
fixation with usual shrinkage and distortion of cytoplasm is apparent. ( 275.) 
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lic. 2. Seminoma. This tumor is composed of larger cells with anaplastic features. However, distinct cell 
outlines, relative uniformity of cells and distinct stromal pattern make the diagnosis evident. (275, 
Zenker’s fixation.) 


were available. The spermatic cord was in- 
vaded in only 2 of 19 cases. Microscopi- 
cally, these tumors were composed of uni- 
form large cells with clear cytoplasm, dis- 
tinct cell boundaries, and relatively large, 
round, hyperchromatic nuclei (Fig. 1). 
There was usually one prominent nucle- 
olus. The cells lay close together, but to a 
varying degree were divided into masses, 
small strands, or nodules by a distinctive, 
usually delicate, stromal boundary. This 
stroma was generally a highly character- 
istic part of the neoplasm, although occa- 
sionally it was inconspicuous. It usually 
contained many lymphocytes. In some tn- 
stances it was loose and reticular and in 
others, heavy and collagenous. Abundant 
granulomatous inflammatory reaction was 
frequently seen. In some instances the 
stromal element was more abundant than 
the part composed of tumor cells. A small 


number of seminomas was made up of 
much larger cells with greater irregularity 
in outline (Fig. 2). Enough of the above 
listed characteristics persisted, however, to 
make the division between seminoma and 
embryonal carcinoma reasonably clear cut. 
Vascular invasion occurred in approxi- 
mately 1 out of 4 cases of seminoma. 
Embryonal Carcinoma. Tumors of this 
group were, in general, the smallest of the 
three common groups, averaging 85 cc. 
with a median volume of 35 cc. and with all 
but 3 of the tumors falling in the range of 
0.3 to 65 cc. This was a noncystic, firm to 
soft, gray-white neoplasm often showing 
areas of hemorrhagic necrosis. The tumor 
usually involved only a portion of the testis 
and not infrequently extended into the 
epididymis to involve extensively the 
spermatic cord. The tunica and epididymis 
were involved in 9 of 13 cases, with exten- 
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Fic. 3. Embryonal carcinoma. This tumor consists of poorly differentiated yet 
distinctly epithelial cells with an occasional acinar pattern. (X275.) 


sion to the cord in 7 of 11 cases. The basic 
microscopic component of embryonal car- 
cinoma was cells, usually with epithelial 
characteristics containing changes of malig- 
nancy, either undifferentiated or with only 
limited differentiation along somatic or 
trophoblastic lines so that no element char- 
acteristic of differentiated fetal or postfetal 
tissue could be recognized. The most com- 
mon pattern featured masses of poorly dif- 
ferentiated cells usually with groupings 
which suggested glandular or papillary 
structures (Fig. 3). However, a few tumors 
consisted of highly anaplastic indifferent 
cells lying in uninterrupted sheets (Fig. 4). 
The constituent cells were, in general, 
larger and with less distinct cell boundaries 
than those seen in seminoma. The nuclei 
were vesicular and tended to be larger and 
to show greater variation in size and shape. 
The cytoplasm was usually less transparent 
and more highly colored with the acid dyes 


than in seminoma. Distinctive stromal pat- 
terns were not seen. Where trophoblastic 
differentiation was prominent, there were 
no nodular or villous masses of mixed syn- 
cytial and cytotrophoblastic cells as seen in 
choriocarcinoma. Seminomatous areas oc- 
curred in 4 of 21 embryonal carcinomas. 
Blood vessel invasion was frequent, occur- 
ring in 12 of 21 cases. In 3 cases with post- 
mortem studies, the metastatic lesions 
were characteristic of embryonal carcinoma. 

Teratoma. A pure teratoma without em- 
bryonal carcinoma was not observed in this 
series. One example of this tumor was re- 
viewed, but belonged to the period before 
1940 when follow-up and treatment infor- 
mation was too sketchy to warrant inclu- 
sion of those cases in this series. The most 
striking gross feature of a teratoma is its 
multicystic pattern. Microscopically, the 
tumor is characterized by the startling 
variety of intermingled fetal and adult tis- 
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Fic. 4. Embryonal carcinoma. In contrast with the most anaplastic seminoma, the cells are larger with 
greater irregularity in size and shape. The cell borders are indistinct. The mitoses are numerous. A distinc- 
tive stromal background is lacking. (275, Zenker’s fixation.) 


sues, well differentiated and nonmalignant 
in appearance. There is an area where divi- 
sion between this tumor and _teratocar- 
cinoma becomes decidedly arbitrary. 
Teratocarcinoma. The tumors varied 
markedly in size from 2.5 cc. to 336 cc., 
averaging approximately 104 cc. with a 
median volume of 7o cc. In general, the 
tumors showed characteristics of both 
teratoma and embryonal carcinoma with 
cystic and solid zones. The neoplasm some- 
times occupied only part of the testis, but 
usually replaced the entire organ. Extra- 
testicular extensions were uncommon, oc- 
curring in only 1 of 10 cases. Observations 
on invasion of the spermatic cord were too 
few to warrant mention. Microscopic char- 
acteristics were those of embryonal car- 
cinoma and teratoma in mixture. The pro- 
portions of these two elements varied 
markedly from only a few foci of malignant 


epithelial elements to a rare focus of differ- 
entiated teratomatous tissue. In 2 cases 
there were foci of choriocarcinoma and in 3 
foci of seminoma. In the 1 case where post- 
mortem examination was done, the meta- 
static lesions contained differentiated tera- 
toid elements as well as poorly difterenti- 
ated malignant appearing elements. 
Choriocarcinoma. There were 2. such 
tumors in our series. Each of these showed 
characteristic areas of hemorrhagic necrosis 
and obvious extratesticular extension. Vas- 
cular invasion was evident in both in- 
stances. Microscopic study in both of the 
tumors showed a combination of syncytial 
trophoblast and cytotrophoblast with nod- 
ular arrangements (Fig. 5). In_ both, 
elements of embryonal carcinoma composed 
the bulk of the tumor. The metastatic 
lesions were those of choriocarcinoma. 
[nterstitial Cell Tumors. The 3 interstitial 
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Fic. 5. Choriocarcinoma. This tumor is composed of mixed syncytial and cytotrophoblastic 
elements in a villous pattern with the syncytial cells peripherally placed. (275.) 


cell tumors constitute a significant enough 
number of these unusual neoplasms to war- 
rant description. The involved testicles 
were enlarged and of increased consistency. 
The neoplastic tissue in each instance was 
made up of one to two nodules of poorly 
circumscribed, firm, yellow tumor, partially 
replacing and enlarging the testicular mass. 
The largest of these tumors measured 3 cm. 
in diameter. The smallest measurement 
was not given. All tumors appeared con- 
fined to the testicular substance as judged 
by both gross and microscopic appearances. 
Microscopically (Fig. 6), there was con- 
siderable variation in appearance from one 
tumor to the next. However, the cellular 
make-up within a given neoplasm was 
fairly uniform. The cells, in general, showed 
small uniform nuclei with small nucleoli 
and occasional mitotic figures. Cytoplasm 
tended to be abundant. Cell boundaries 
were generally indistinct. Vacuoles were 


noted within the cytoplasm of many cells. 
Crystalloid bodies were not observed. The 
one tumor from which a metastatic process 
developed in the lung contained 2 lesions 
which lay close together in the left lower 
lobe. The larger mass measured 8 X6X3 
cm. and the smaller 2 cm. They were de- 
scribed as lemon yellow withnumerous areas 
of necrosis. The microscopic pattern of the 
metastasis was similar to that seen in the 
primary process. Both in the primary and 
the metastatic lesion, there was no particu- 
lar evidence of a greater degree of malig- 
nancy than shown by the 2 other inter- 
stitial cell tumors in which no metastases 
were recorded. 


GENERAL COMMENTS 


Correlation of survival with anatomic 
observations can be made through a per- 
usal of Table 1, A and B. This table con- 
tains information concerning tumor size, 
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Taste IIA 
SURVIVAL RATES—CORRELATED WITH ANATOMIC DATA 
Invasion of Blood Vessels 
Volume in ce. 
Yes No 
ius ca No. of All Cases Deaths 
Tumor Type . No. 
Cases wit Dead Dead 
Aver- Me- Aver- Me- of of 
Data Alive Alive 
age dian age dian Dis- Dis- 
ease ease 
Seminoma 49 270 195 444 400 38 5 4 25 4 
Embryonal carcinoma 21 85 35 27 26 21 4 8 5 4 
Teratocarcinoma 19 104 70 54 50 18 5 I 10 2 
Choriocarcinoma 2 Volume in these two cases 170 and 9 2 fo) 2 fe) fo) 


extratesticular extension, and blood vessel 
invasion. The numbers are too small to 
serve as a basis for any definite conclusions, 
but some suggestions are evident from 
scanning these figures. The patients with 
larger tumors did less well in the seminom- 
atous group. Those who died had an aver- 
age tumor volume of 444 cc. and a median 
volume of 400 cc. as opposed to a 270 cc. 
average and 195 cc. median volume in the 
total series. Vascular invasion and penetra- 
tion of tunica and epididymis seem to be 
ominous signs in seminoma and embryonal 
carcinoma. 

In Table 11 C, figures were compiled cor- 
relating the survival with the prominence 
of the lymphoid stroma in seminomas. In 
cases where this factor was absent or in- 
conspicuous (Grade 1), 6 of 17 patients died 


of the disease. Where greater amounts of 
lymphoid stroma (Grade 11-111) were ob- 
served, only 2 of 24 patients died of the dis- 
ease. Our figures do not indicate a relation- 
ship between necrosis or prominence of 
interstitial cells and survival. 

CLINICAL OBSERVATIONS 

Age. The age distribution in this series is 
similar to that reported by others (Table 
III). 

Side of Involvement. Both sides were in- 
volved with equal frequency for each 
tumor type in the whole group as well as 
among the survivors. 

Other Testis. Only 1 patient with a 
“germinal” tumor developed a similar ma- 
lignant tumor of the opposite testis. This 
patient developed seminoma in the remain- 
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SURVIVAL RATES 


CORRELATED WITH 


ANATOMIC DATA 


Penetration of Tunica Albuginea 


and Epididymis 


Involvement of Cord 


T — Total Yes No Yes No 
with Dead Dead with Dead Dead 

Data Alive of Alive of Data Alive of Alive of 

Disease Disease Disease Disease 
Seminoma 49 32 Ss S 20 2 19 I 12 5 
Embryonal carcinoma 21 13 2 " 2 2 11 O 7 2 2 
Choriocarcinoma 2 2 2 2 fo) 2 
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TABLE IIC 
SURVIVAL RATES—CORRELATED WITH ANATOMIC 
DATA LYMPHATIC-STROMA IN SEMINOMA 
F Grade I Grade II and III 
No. 
with 
Dead Dead 
Data Dead ~. Dead ~. 
eee of with- of with- 
anc 
Alive out Alive out 
Follow- Dis- Dis- 
Dis- Dis- 
up ease ease 
ease ease 
41 II 6 fe) 19 2 


ing testis three years after initial orchi- 
ectomy and radiation therapy. One patient 
with seminoma and 1 with embryonal car- 
cinoma had had an orchiectomy for an un- 
known reason several years prior to the de- 
velopment of a malignancy in the remain- 
ing testis. Three patients, 2 with embry- 
onal carcinoma and 1 with a choriocar- 
cinoma and an embryonal carcinoma had 
atrophy of the remaining testis prior to 
treatment. One patient with lymphoma re- 
portedly had enlargement of the remaining 
testis prior to death. 

Local Trauma. It is not believed that 
isolated trauma to the testis has any rela- 
tionship to malignancy except as a circum- 
stance leading to the discovery of a mass. 
Only 9 of our patients could recall local 
trauma to the involved testis. 

Previous Local Disease. Only one of our 
patients had mumps orchitis in a testis in 


TABLE III 


AGE DISTRIBUTION 


Age in Sam; Embryonal  Terato- 
Years seminoma Carcinoma carcinoma 
IO-Ig I 
20-29 9 i fe) 9 
30-39 19 3 8 
40-49 15 6 I 
5°-S9 2 
60-69 2 
7°-79 
Range 22-77 22-48 19-45 
Average 40 32 30 
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which teratocarcinoma developed 
later. 

Patient Delay. The majority of our sur- 
vivors noted abnormality of the involved 
testis for less than six months. In the 
seminoma group, none among 16 who noted 
an abnormality for a period less than 3 
months died of the disease. There are sur- 
vivors with seminoma who noted abnormal 
masses for periods of five and eight vears, 
with embryonal carcinoma where an ab- 
normal mass was noted for six years and 
with teratocarcinoma with a mass noted for 
“several years.”’ One patient with semi- 
noma dated an abnormal swelling of the in- 
volved testis twenty years. He died of other 
causes nine months after treatment. 

Physician Delay. Most of the cases in 
which there was delay in definitive action 
by the physician were early cases in this 
period of study. In 12 cases of seminoma, 
there was physician delay for periods up 
to twenty-four months. Eleven of these pa- 
tients survive. In embryonal carcinoma 
there were 5 instances of delay up to twelve 
months with 2 survivors. In 3 patients with 
teratocarcinoma delay ranged up to twelve 
months. All survive. 

The most frequent incorrect diagnoses 
with resultant delay in definitive action 
were nonspecific inflammation of the testis 
and epididymitis. Other erroneous diag- 
noses were hydrocele, tuberculosis, trauma, 
veneral disease, hernia, and mumps orchi- 
tis. 

Signs and Symptoms. By far the most 
frequent observation was that of an ab- 
normal mass in the testis, noted to be en- 
larging for more than one month. In several 
instances a recent change in the rate of en- 
largement was observed. 

A mass noted to be rapidly enlarging for 
less than one month was recorded in 6 
cases of seminoma, all survivors, and in 6 
cases of teratocarcinoma with 4 survivors. 
This comparatively rapid growth rate was 
not observed in embryonal carcinoma. 
Pain in the involved testis was the next 
most frequent observation. It occurred 
nearly equally in all tumor types among 


vears 
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Itc. 6. Interstitial cell tumor. This tumor consists of uniform, closely set cells with indistinct 
cytoplasmic vacuoles. Note the small, uniform nuclei and small nucleoli. (<275.) 


survivors and nonsurvivors. Persistent low 
back pain was the third most frequent 
symptom. Although this complaint may be 
related to a large primary tumor or in- 
volvement of retroperitoneal lymph nodes, 
it was recorded in equal incidence among 
survivors and nonsurvivors. In no instance 
was there abnormal firmness without tes- 
ticular enlargement or abnormal 
warmth without other findings. 
Gynecomastia. Twelve of these patients 
had gynecomastia during the course of the 
disease. In g instances, the finding was bi- 
lateral; in 3 unilateral. The distribution 
was as follows: seminoma, 3 with 2 deaths 
in seven months and ten months; embry- 
onal carcinoma, 4 with 3 deaths at seven 
months, nine months, and thirty months; 
teratocarcinoma, 2, with 1 death at sixteen 
months and the other patient living prob- 
ably with disease six years after initial 
treatment; choriocarcinoma, 2, with deaths 


local 


at three months and twenty-three months; 
and interstitial cell tumor, 1, in a patient 
who developed gynecomastia nine years 
after orchiectomy concurrent with pulmo- 
nary metastases. The gynecomastia in this 
last patient has partially subsided in the 
four years since pulmonary resection. The 
I survivor with seminoma developed bi- 
lateral gynecomastia simultaneously with 
acromegaly six months after initial treat- 
ment. He remains well eight years later. 
The single survivor with gynecomastia and 
embryonal carcinoma had a bilateral mas- 
tectomy elsewhere, prior to the diagnosis 
and treatment of the testicular tumor. It is, 
therefore, apparent that gynecomastia is 
an ominous finding in these patients with 
“germinal” tumors, for there are only 2 
tumor-free survivors in this group of 11, 
and in 1 of these the change was probably 
related to another cause. 

Cryptorchidism. In 8 cases there was a 
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history of undescended testis. In 4 cases of 
seminoma 3 were inguinal and 1 abdominal. 
In 2 there had been apparent spontaneous 
descent into the scrotum before adulthood. 
Both of these died with uncontrolled 
tumor. In one survivor, the tumorous in- 
guinal undescended testis was discovered 
at hernia repair. The other survivor had a 
laparotomy for an abdominal mass which 
proved to be seminoma in an intra-abdomi- 
nal testis. In 3 patients with embryonal 
carcinoma, the inguinal testis had spon- 
taneously descended previously. One pa- 
tient with choriocarcinoma developed a 
tumor in the opposite testis. 

Ascheim-Zondek Test. This test has been 
recorded in 12 patients prior to treatment. 
In 2 patients the results were positive. 
Both had teratocarcinoma. In 1 following 
orchiectomy only and in the other follow- 
ing orchiectomy and irradiation, the titer 
became negative. Both survive. This test 
has not been done more consistently be- 
cause we have not been convinced of its 
reliability. Others with greater experience 
in its use have not found it helpful. Lewis!’ 
recorded a 35 per cent false positive inci- 
dence in controls. 

TREATMENT 

The renewed interest in malignant neo- 
plasms of the testis has resulted in more 
vigorous and consistent application of both 
surgical and radiotherapeutic disciplines. 
Although it seems likely that this thera- 
peutic effort is partially responsible for a 
gratifying lowering of the mortality rate 
from tumor, the importance of diagnosis 
and institution of treatment earlier in the 
course of disease must be considered. 

In nearly all of our cases, the histologic 
diagnosis of the primary tumor had been 
made prior to referral. Study prior to fur- 
ther treatment now consists of history, 
physical examination, chest roentgenog- 
raphy, excretory pyelography, complete 
blood cell count, urinalysis, and a review of 
the histology. We have had no experience 
with venography. 

Orchiectomy. Nearly all of these cases had 
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orchiectomy prior to referral. Two patients 
had initial biopsy. One with seminoma had 
an orchiectomy twenty-three days later, 
followed by abdominal irradiation. He is a 
five year survivor. The other had concur- 
rent irradiation of the involved testis and a 
large abdominal mass. He died of uncon- 
trolled seminoma. One survivor had a re- 
section of an inguinal undescended testis, 
which was involved by seminoma and dis- 
covered accidentally at hernia repair. An- 
other eight year survivor had a laparotomy 
for an abdominal mass which proved to be 
seminoma in an undescended testis. 

Pre-Orchiectomy Trial of Irradiation. 
This is, at best, a useless procedure. If his- 
tologic examination of the removed testis 
occasionally fails to disclose the exact his- 
tologic type or is at times inaccurate, as 
suggested by Friedman,‘ the difficulty and 
inaccuracy of histologic diagnosis are com- 
pounded by previous irradiation. In one 
case in this series, in which there had 
been pre-orchiectomy irradiation of the 
testis, the histologic criteria for diagnosis 
had been destroyed. If there were any 
‘“non-seminomatous tumors resembling 
seminoma histologically but behaving like 
undifferentiated carcinoma in that they 
were radioresistant and highly malignant,” 
as noted by Friedman,’ they were unde- 
tected in this series. 

Dissection of the Inguinal Canal. Thor- 
ough dissection of the ipsilateral inguinal 
canal is recommended. On consideration of 
the anatomy it would seem possible to 
effectively remove the contents of this 
fibrous tissue-lined canal. This removal was 
done in most of our cases. If inguinal dis- 
section has been thorough, this site need 
not be included in the field of irradiation. 
Following adequate dissection, there was 
no case of persistent or recurrent tumor in 
the inguinal canal in this series. It is to be 
expected that the incidence of involvement 
of the inguinal lymph nodes would be 
small for, as noted by Lindgren,'® involve- 
ment only follows: (1) penetration of the 
tunica and scrotum, (2) retrograde spread 
after blockage of other intra-abdominal 
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lymphatics, or (3) spread via the blood 
stream. 

Retroperitoneal Dissection. In consider- 
ing the anatomy it seems difficult to com- 
pare the piecemeal dissection of lymph 
nodes adjacent to the iliac vessels, inferior 
vena cava, and abdominal aorta to the 
level of the renal pedicles with block dissec- 
tion of cervical lymph nodes in the treat- 
ment of intra-oral cancer and en bloc re- 
moval of axillary contents in radical breast 
surgery. As suggested by Leadbetter,’ 
surgical attack on the ipsilateral retroperi- 
toneal lymph nodes without due considera- 
tion of the possibility of communication 
with lymphatics of the other side would be 
subject to question. Leadbetter” quotes 
Lowry et a/.,!° who, on the basis of autopsy 
findings, noted that the retroperitoneal 
lymph nodes were bilaterally involved in 
12 of 34 cases and contralaterally involved 
in 3 of 34 cases. 

In our series, only 4 patients had retro- 
peritoneal lymph node dissections. In 3 the 
diagnosis was embryonal carcinoma. In 2 of 
these, no tumor was found in the examined 
lymph nodes. In the third, tumor was found 
in 1 of 3 lymph nodes submitted from about 
the renal pedicle. All patients received 
postoperative roentgen therapy. If the 
sampling of the lymph nodes in the 2 sur- 
vivors without evidence of tumor was 
representative, neither the operation nor 
the roentgen therapy was necessary. The 
third patient, with a tumor-containing 
lymph node 4 inches below the right renal 
pedicle died six years after abdominal ir- 
radiation with widespread supraclavicular, 
mediastinal, and abdominal tumor. He was 
clinically free of tumor until a few months 
prior to death. In the fourth case, the pri- 
mary tumor was seminoma in an unde- 
scended intra-abdominal testis. The sam- 
pled lymph nodes were without tumor. A 
fifth patient with embryonal carcinoma 
had laparotomy following development of 
a palpable abdominal mass. He had re- 
ceived inadequate roentgen therapy else- 
where. He was inoperable, failed to respond 
to local palliative roentgen therapy and 
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died three weeks later. Another patient 
with seminoma developed an upper ab- 
dominal mass three months following 
roentgen therapy elsewhere. At laparotomy 
elsewhere only biopsy was possible. He re- 
mains well five years after further irradia- 
tion. 

It is difficult to evaluate the possible 
benefit from retroperitoneal dissection in 
reported 9 13,16,17,23 
operative 


series® because 
roentgen therapy been 
used." Prior to establishing a claim for 
this major procedure, it would seem neces- 
sary to evaluate a series excluding roentgen 
therapy. If a combined use of retroperi- 
toneal dissection and roentgen therapy de- 
serves consideration, then, in deference to 
the known importance of an intact vas- 
cular bed for effective use of irradiation, it 
would seem that the operative procedure 
should follow the irradiation. The sug- 
gested value of identifying tumor deposits 
for the direction of the radiation thera- 
pist''” disregards the practiced technique 
of irradiating the entire contiguous lym- 
phatic drainage pathways between the ipsi- 
lateral inguinal canal and the level of the 
diaphragm. 

Radiation Therapy. The importance of 
radiation therapy is difficult to appraise 
for, in addition to possible progress toward 
earlier diagnosis, direct evaluation may 
be difficult or impossible and statistical 
evaluation must suffice. Nevertheless, the 
value of the modality in many instances is 
questioned for there are tumor-free sur- 
vivors inoperable from metastatic disease in 
this series and in others.!:?:7:10.4 

At the Tumor Institute, postorchiectomy 
irradiation of lymphatic drainage path- 
ways, at least toa level immediately above 
the renal pedicles, is recommended for all 
adult patients, in the absence of demon- 
strated widely disseminated disease. In the 
presence of evidence of intra-abdominal 
periaortic spread, mediastinal widening or 
left supraclavicular. mass, without other 
evidence of spread, the mediastinum and 
left supraclavicular fossa also are irradiated. 
This restriction of irradiation to pelvic and 
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Fic. 7. Projection of treatment fields to demonstrate 
inclusion of ipsilateral iliac and abdominal peri- 
aortic lymphatics, exclusion of some of contra- 
lateral iliac lymphatics and sparing of most renal 
parenchyma. 


abdominal lymphatics, possible in most in- 
stances, allows greater tolerance to neces- 
sarily vigorous treatment. It also makes 
frequent follow-up examination with chest 
roentgenography imperative. Our patients 
are asked to return every three to four 
months for the first three years and every 
six months after that. 

The remaining testis and scrotum have 
not been irradiated. Only one of our pa- 
tients has developed neoplasm in the oppo- 
site testis and none has had scrotal in- 
volvement. Following adequate dissection, 
the inguinal canal need not be irradiated. 
The lymphatics adjacent to the ipsilateral 
iliac vessels, inferior vena cava and ab- 
dominal aorta to a level above the renal 
pedicles are irradiated through opposing 
anterior and posterior fields. Accurate 
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localization with the aid of pyelograms is 
essential so that the tissue volume treated 
can be minimized and renal parenchyma 
can be spared (Fig. 7). The surface areas 
covered can be noted on Figures 8 and 9. 
In the use of opposing fields separated by 
16 to 24 cm., the “‘waist”’ in the isodose 
pattern should be remembered. The entire 
lymphatic chain along the contralateral 
iliac vessels has not been irradiated rou- 
tinely (Fig. 7) and spread of tumor to this 
site has not been noted. 

In the period 1940-1949, irradiation was 
not consistently directed to the pertinent 
lymphatics in adequate dosage. In the 
early years the extent of the disease fre- 
quently made such a treatment plan im- 
possible. Nevertheless, in many cases ir- 
radiation was limited to the pelvis, occa- 
sionally unilaterally, directed unilaterally 
to the abdomen or stopped with inadequate 
dosage. Since 1950, treatment planning has 
been concise and dosage, at least in semi- 
noma, uniformly adequate by current 
standards. It is interesting to compare the 
results for the two periods (Table iv, v 
and vi). 

Supervoltage apparatus (800 kv.) has 
been available here since 1932. Therefore, 
many of the recognized difficulties in at- 
taining adequate dosage with the possible 
consequent complications have been 
avoided. However, many of the patients 
have been treated successfully with 400 kv. 
and 200 kv. apparatus. Since 1953, nearly 
all patients have been treated with 2 mev. 
Van de Graaff apparatus.* 


TABLE [V 


SEMINOMA 


1940-1949 1950-1955 


20 Total 24 
12 Living without Disease 20 
. Dead with Disease 2 
I Dead of Other Cause 2 


* Acknowledgment is made of the Clinical Research Grant 
provided by the USPHS which, beginning in 1953 provided equip- 
ment for 2 mev. irradiation and which was utilized in patients 
herein reported for the period 1953-1955. 
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Fic. 8. Anterior treatment fields. 


Effective dosage varies with the his- 
tology of the lesion and occasionally with 
the individual patient. Effective doses for 
the varying tumor types may be noted in 
Figures 10, 11, and 12. 

As will be discussed later, on the basis of 
material from retroperitoneal lymph node 
dissections, a number of patients with 
clinically undetected lymphadenopathy 
will have histologically positive lymph 
nodes. It is likely that survivors without 
initially detected metastases who received 
low doses of radiation can be considered 
“cures” by simple orchiectomy. It then 


TABLE V 


EMBRYONAL CARCINOMA 


1940-1949 1950-1955 
9 Total II 
2 Living without Disease 5 
7 Dead with Disease 5 
O° Dead of Other Cause ° 
Living with Disease 6 Years I 
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l'ic. 9. Posterior treatment fields. 


becomes more probable that some of the 
remaining group receiving adequate ir- 
radiation had clinically undetected metas- 
tases. More important is the dosage which 
resulted in known tumor response. In 
nearly all of the instances in which tumor 
response to respectable doses was unsatis- 
factory, the masses were large, so that cen- 
tral necrosis and poor vascularity might 
have been factors. Although the slopes of 
time-dose curves are unknown for these 
tumor types, such curves can be estimated 
from Figures 10, 11, and 12. There is evi- 
dence in this material that effective dosage 


TaB_e VI 
TERATOCARCINOMA 
1949-1949 1950-1955 


9 Total 

6 Living without Disease 
3 Dead with Disease fe) 
O° Dead of Other Cause ° 
Oo Living with Disease 6 Years I 
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Fic. 10. Response to irradiation. Seminoma 1940 
1955. @ No evident metastases on initial examina- 
tion; survivor. {§J Metastases on initial examina- 
tion; known tumor response. A Failure to control 
tumor. © No metastases on initial examination; 
no tumor at autopsy two years later. 


may be attained not only for seminoma but 
for embryonal carcinoma and the malig- 
nant elements of teratocarcinoma. 

With the 2 mev. apparatus currently 
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Fic. 11. Response to irradiation. Embryonal carci- 
noma 1940-1955. @ No evident metastases on 
initial examination; survivor. J Metastases on 
initial examination; known tumor _ response. 
A Failure to control tumor. 
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lic. 12. Response to irradiation. Teratocarcinoma 
1940-1955. @ No evident metastases on initial 
examination; survivor. § Metastases on initial 
examination; known tumor response. & Failure to 
control tumor. 


used, abdominal coronal midplane doses of 
2,500-3,000 r in four to six weeks for semi- 
noma and 3,500—4,000 r in six weeks for em- 
bryonal carcinoma and_ teratocarcinoma 
are accomplished easily. 

Complications of Radiation Therapy. 
Many serious complications of roentgen 
therapy directed to pelvic and abdominal 
lymphatics have been 
Krom a study of our material, this is sur- 
prising. Nearly all of our patients continue 
to work during treatment if the geography 
permits and the unemployment compensa- 
tion is not too generous. Nausea with or 
without vomiting can occur but should be a 
warning to the therapist that too much tis- 
sue 1s being irradiated too rapidly. Usually, 
mild diarrhea has been noted, but in no 
instance has this necessitated interruption 
of treatment. Serious bowel damage was 
observed in only one patient. This followed 
the use of massive doses in a short time in 
an attempt to relieve rapidly progressing 
obstructive edema in a lower extremity. A 
fixed segment of sigmoid colon was in- 
volved in heavy fibrosis and a cutaneous 
fecal fistula developed eighteen months 
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Fic. 13. Appearance of damaged colon with cuta- 
neous fistula, eighteen months after massive ir- 
radiation. 


after treatment (Fig. 13). Following surgi- 
cal bypass of this damaged area, the patient 
died postoperatively after a bizarre course. 
At autopsy there was extensive parenchy- 
mal degeneration of the liver and kidneys, 
but no tumor was detected. Considering 
the massive intra-abdominal tumor prior to 
irradiation twenty-one months before (Fig. 
14, 15, and 16) this was a significant 
finding. 

Other than this case, there has been no 
known development of renal parenchymal 
abnormality after treatment. This can be 
attributed to the sparing of the major 
portion of the renal parenchyma (Fig. 7) 
as discussed by Kunkler e¢ a/.™ 

With irradiation of the lumbar vertebrae, 
there has been occasional mild, temporary 
leukopenia. In only one instance has irradi- 
ation been discontinued because of the fall 
of the white blood cell count in the periph- 
eral blood. This was in an early case and 
the level reached (3,500) would no longer 
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lic. 14. Demonstration of bilateral deviation of 
ureters due to metastatic seminoma, prior to ir- 


radiation. 


ic. 15. Demonstration of change in position of 
ureters, three months after Figure 14, following 
irradiation. 
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Kic. 16. Evidence of return of ureters to normal posi- 
tion one year after Figure 15. 


be cause for discontinuation of treatment. 
This possible early complication is a major 
reason for not instituting routine medi- 
astinal irradiation. One patient died of 
acute leukemia two years after treatment. 
There was no evidence of testicular tumor 
metastases in this patient at autopsy. In no 
other patient has significant change in the 
peripheral blood been noted for periods of 
four to eighteen years following irradiation. 

Skin changes have been mild with tem- 
porary dry radio-epithelitis, temporary 
epilation, mild atrophy and fibrosis. 

Patients with malignant tumors of the 
testis frequently are concerned about pos- 
sible radiation-produced sterility. Because 
of the presence of a potentially lethal dis- 
ease, eligible parents are urged to avoid 
establishing a pregnancy for at least three 
years following irradiation. After this 
period, the chances of dying of uncontrolled 
tumor appear slight.*:” 

With curent treatment techniques, 
whether using 2 mev., 400 kv. or 250 kv. 
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apparatus, doses on the scrotal surface 
overlying the remaining testis vary from 
1.25 to 2.0 per cent of the surface doses of 
the pelvic fields. In attaining midplane 
doses of 4,000 r with 2 mev. apparatus, 
maximum doses of about 120 r of “‘soft”’ 
radiation could reach the scrotal skin in 
four to six weeks. Indirect protection over 
the testis did not reduce this measured 
dose, indicating the major source to be scat- 
tered primarily from the patient’s body. 
Tailored protective devices could result in a 
reduction of this amount of radiation. 

In the absence of a pre-treatment base 
line sperm study, a post-treatment study 
loses some of its value, especially in those 
with deficient sperm. 

Questionnaires were sent to all survivors. 
Forty-one replies were received. Fight be- 
lieved themselves fathers both before and 
after treatment; I1 before but not after, 
with at least 3 volunteering that they used 
contraceptives; 2 since treatment and not 
before; and 10 neither before nor since 
treatment. Ten avoided fatherhood by 
means of the age of partner, vasectomy, or 
bachelorhood. Only 4 had sperm studies 
with I aspermia in a patient who had not 
been a father prior to treatment and 1 pre- 
treatment father with a low sperm count 
and substandard sperm motility after 
treatment. In the to claiming fatherhood 
since treatment, the total offspring is un- 
known, but no child was recorded as having 
gross abnormality. 


RESULTS 


Any method of treatment of patients 
with malignant tumors must be justified on 
attained results. In the 4 cases with retro- 
peritoneal dissection, it is hard to believe 
that any benefited from the operation. 
Likewise, it may be that irradiation was 
unnecessary in 3 of the 4. Some of the sur- 
vivors had only orchiectomy. These are 
noted in the tables. 

Seminoma. The results for the total pe- 
riod, 1940-1955, are recorded in Tables 
vit—xt. In considering the patients without 


initial clinical evidence of metastases, it is 


TABLE VI] 


SEMINOMA 1940-1955 


Total No. Seen 49 
Consultation Only 4 
Lost to Follow up I 
Determinate Group 44 


TABLE VIII 


SEMINOMA RESULTS IN DETERMINATE GROUP (44) 


Living without Tumor Over 4 Years 32 
Dead with Uncontrolled Tumor 9 
Dead of Other Cause without Tumor 
1—Died of Acute Leukemia after 24 
Months (Autopsy) 
1—Died of Coronary Disease after 9 
Months (No Autopsy) 
I Died Following 
Surgery for Radiation Induced 
Bowel Complications after 21 
Months (Autopsy) 


Poste yperativel 


TABLE [X 


SEMINOMA PATIENTS WITHOUT CLINICAL EVIDENCE 
OF METASTASES ON INITIAL EXAMINATION (36) 


Consultation Only 


Lost to Follow-up after Treatment I 
Determinate Group 34 
Living without Tumor Over 4 Years 29* 
Dead with Tumor 2 
Dead of Other Cause without Tumor I 


Acute Leukemia after 24 Months 
(Autopsy) 


* 2 survivors, orchiectomy only. 


TABLE X 


SEMINOMA PATIENTS WITHOUT CLINICAL EVIDENCE 
OF METASTASES INITIALLY LATER 
DEVELOPING METASTASES (3) 


Dead with Tumor 2 
Living without Tumor 63 Years I 
Lung—Limited Resection 


important to know the incidence of involve- 
ment of the intra-abdominal lymphatics. 
This information is not available in most 
reported series of retroperitoneal dissec- 
tions. Friedman? reports a 12 per cent inci- 
dence of histologically positive lymph 
nodes in 66 patients, with seminoma with- 
out initial clinical evidence of metastases, 
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TABLE XI 
SEMINOMA PATIENTS WITH CLINICAL EVIDENCE OF 
METASTASES ON INITIAL EXAMINATION (13) 


Consultation Only I 
Determinate Group 12 
Dead with Tumor 7 
Dead of Other Cause Without Tumor 2 
Living without Tumor Over 4 Years 3 


1—Inguinal Lymph Nodes (Positive 
Alive 5 Years 
1—Upper Abdominal Mass (Positive 
Biopsy)—Alive § Years 
Inguinal, Abdominal, Hilar Masses 
Alive 15 Years 


| listology ) 


who were subjected to radical retroperi- 
toneal dissection in 1942-1944. It seems in- 
evitable that at least a small per cent of 
this group in would have 
undetected positive lymph nodes. It is like- 
wise inevitable that many were irradiated 
who would have been salvaged by simple 
orchiectomy alone. 


our series 


In the 5 with metastases on initial exam- 
ination, of whom 3 survive and 2 died 
without evidence of tumor, only 1 with an 
inguinal mass possibly was operable. The 
others had large upper abdominal, fixed 
iliac, or mediastinal masses. 

Of the 7 with metastases on initial exam- 
ination who died of tumor, only 1 received 
what could be considered adequate abdom- 
inal irradiation. In others, irradiation was 
directed to a mass for palliation or dosage 
and coverage were inadequate by present 
standards. 

Of the 3 patients without initially de- 
tected metastases who later developed 
metastases, I survives after pulmonary re- 
section of a lesion which temporarily re- 
sponded to an inadequate (2,200 r in 
twenty days) dose of radiation. The tumor 
in the lung was embryonal carcinoma. On 
re-examination of the primary lesion, no 
similar component was found in a charac- 
teristic seminoma. This situation is not 
unusual. Grabstald et a/.? reported that 
among 8 patients with a diagnosis of semi- 
noma, who later died with metastases, in 4 
instances the metastases were embryonal 
carcinoma, in I there was a sizable chorio- 
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carcinomatous element, while in another, 
there was gynecomastia and a positive 
Ascheim-Zondek test prior to death. 
Rather than considering such biologic be- 
havior as evidence of the necessity of radi- 
cal retroperitoneal dissection,’ such 
knowledge would be additional evidence of 
the effectiveness of irradiation in tumors 
other than “pure seminoma.” The second 
case of this group developed tumor in the 
remaining testis three years after initial 
irradiation to the ipsilateral pelvis. There 
was no further treatment except orchi- 
ectomy. He died of uncontrolled tumor two 
and one-half years later. The third patient, 
also early in the series, initially had pelvic 
roentgen therapy only. Twenty-one months 
later he developed an upper abdominal 
mass which responded to roentgen therapy. 
Eleven months later a mediastinal mass 
was treated. He died of recurrent ab- 
dominal tumor and liver metastases fifteen 
months later or four years after the initial 
inadequate treatment. The range of survi- 
val time in the g patients dying of semi- 
noma was three to sixty-seven months fol- 
lowing initial examination. Six died within 
one year. A seventh died in fifteen months. 
None of these was clinically free of tumor 
during these periods. The irregular circum- 
stances of the 2 surviving for longer 
periods have been noted. 

It is of interest to again consider the com- 
parative results for the periods 1940-1949 
and 1950-1955 (Table 1v). Have these im- 
proved results been due to the improved 
irradiation technique or do they merely 
mirror the effect of earlier diagnosis and 
institution of treatment? 

For these two periods, there was no sig- 
nificant difference in the mean duration of 
awareness of symptoms or signs prior to 
institution of treatment favoring the later 
group (2.9 months for 1940-1949 and 3.7 
months for 1950-1955). 

In the period 1940-1949, 7 patients re- 
ported with clinical evidence of me- 


tastases and 5 of these died with uncon- 
trolled tumor. In the period 1950-1955, § 
reported with clinical evidence of tumor of 
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whom 2 died with uncontrolled tumor. 

The follow-up periods for survivors are 
unequal, being nine and one-half to nine- 
teen years for the early group and four to 
nine and one-half years for the later group. 
The bizarre circumstances of the only 2 
patients dying with tumor at periods over 
fifteen months have been related. Neither 
of these patients was clinically free of 
tumor following treatment. 

It thus would seem that bias of selection 
has not been an important factor in these 
comparative periods. 

Embryonal Carcinoma. The results for 
the period 1940-1955 are recorded in Tables 


TABLE XII 


EMBRYONAL CARCINOMA 1940-1955 


Total No. Seen 2 


I 
Consultation Only I 
Lost to Follow-up ° 
Determinate Group 20 


TABLE XIII 
EMBRYONAL CARCINOMA RESULTS IN 


DETERMINATE GROUP (20) 


Living without Tumor Over 4 Years 7 
Living with Tumor Over 4 Years (63 


Years) I 
Dead with Uncontrolled Tumor 12 
Dead of Other Cause without Tumor fe) 


XIV 
EMBRYONAL CARCINOMA PATIENTS WITHOUT 
CLINICAL EVIDENCE OF METASTASES ON 
INITIAL EXAMINATION (8) 


Living without Tumor Over 4 Years 6 

Living with Tumor Over 4 Years (63 Years) I 

Dead with Uncontrolled Tumor I 

Dead of Other Cause ° 
TABLE XV 


EMBRYONAL CARCINOMA PATIENTS WITHOUT 
INITIAL EVIDENCE OF METASTASES LATER 
DEVELOPING METASTASES (2) 


Living without Tumor Over 4 Years Oo 


Living with Tumor Over 4 Years (63 Years) I 
Dead with Uncontrolled Tumor I 
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TABLE XVI 


EMBRYONAL CARCINOMA PATIENTS WITH 
CLINICAL EVIDENCE OF METASTASES 
ON INITIAL EXAMINATION (13) 


Consultation Only I 
Determinate Group 12 
Dead with Uncontrolled Tumor 11 
Dead of Other Causes O° 
Living without Tumor Over 4 Years I 


Inguinal Masses; Alive 18 Years 


xui—xvi. Although the number of cases is 
small, several observations are pertinent. 
In a group of 18 patients reported by 
Staubitz et a/.> 4 refused retroperitoneal 
dissection. Six were clinically inoperable. 
In the 8 explored, 2 were inoperable be- 
cause of tumor, 2 others had positive lymph 
nodes and 4 had “‘negative lymph nodes.” 
Of this group of 4 with “negative lymph 
nodes,” 1 later died of tumor. Thus of 8 
operable cases, only 3 were possibly tumor- 
free. In a group of 11 reported by Lead- 
better,’ 4 had positive lymph nodes. In 
comparing our material, evaluation of op- 
erability in retrospect is unsatisfactory. 

Only 1 of 8 patients without clinical evi- 
dence of metastases on initial examination 
has died with uncontrolled tumor. The dos- 
age was inadequate (1,g00 r in twenty- 
eight days). A second case in this group is 
most disturbing. This patient recently re- 
turned, six and one-half years following ab- 
dominal and pelvic irradiation, with me- 
diastinal and left supraclavicular lymph- 
adenopathy. By current standards the dos- 
age to both pelvis and epigastrium was low 
(2,900 r in sixty-five days). 

Of those with clinical or histologic evi- 
dence of tumor on initial examination (de- 
terminate group of 12) only 1 survives 
(eighteen years). A second patient in this 
group had a histologically positive lymph 
node 4 inches below the right renal pedicle 
at the time of retroperitoneal dissection. 
He returned six years after the initial ab- 
dominal irradiation with tumor involving 
the mediastinal, left supraclavicular and 
abdominal lymph nodes and the liver, 
proved at autopsy. During this interval he 
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had been judged tumor-free. The dosage to 
the pelvis and epigastrium was 3,400 r in 
sixty-one days. In this situation, the me- 
diastinum should have been irradiated 
initially. Of the remaining 10 with initial 
evidence of tumor who died with uncon- 
trolled tumor, 1 had no irradiation as he 
reported with pulmonary metastases; 1 had 
abdominal recurrence after inadequate ir- 
radiation elsewhere; 5 had pulmonary me- 
tastases detected during treatment or 
within one month following pelvic irradia- 
tion: 1 had irradiation to an abdominal 
mass for palliation and 2 others had inade- 
quate dosage. 

In our initial study, the range of survival 
for those dying of tumor was one to twenty- 
eight months, during which time there 
were no periods of freedom from clinically 
detectable tumor. Recent experience with 
2 cases has emphasized that a clinically 
quiescent and undetected tumor may re- 
sume activity after long periods (six and 
six and one-half years). This characteristic, 
known in other forms of cancer, is distress- 
ing but not surprising. 

In reviewing the apparent improved re- 
sults in embryonal carcinoma for the period 
of improved irradiation technique, 1950- 
1955, compared to the period 1940-1949 
(Table v), the small number of cases makes 
such an observation questionable. How- 
ever, this apparent improvement has con- 
sistently paralleled improved treatment 
methods for the 3 tumor types considered 
(Table 1v, v, and v1). 

In embryonal carcinoma, bias in selec- 
tion of material may have been a factor. 
Although there was no difference in the 
duration of symptoms or signs prior to 
treatment for the two periods, 7 of the 9 
patients in the earlier group and § of 11 pa- 
tients in the later group had clinical 
evidence of metastases on initial examina- 
tion. 

Likewise, the inequality of the follow-up 
periods may be of consequence in view of 
the 2 late deaths with tumor at six and six 
and one-half years after treatment. 

Teratocarcinoma. The results 


for the 
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period 1940-1955 are recorded in Tables 
xvu-xxI. In a group of 17 patients with 
teratocarcinoma, Staubitz ef a/.” reported 
11 as being clinically operable. Six were 
inoperable because of disease. One clini- 


cally operable patient refused surgery. Of 


the remaining 10, 4 had histologically posi- 
tive lymph nodes while in 6 no tumor was 


found in the lymph nodes. However, 1 of 


these 6 died of tumor, so at least 5 of the 10 
who were operated on had tumor. 

In our group of 18 determinate 
had widespread tumor on initial examina- 
tion. A third with positive inguinal and 
probable iliac lymph nodes could be con- 
sidered operable. One patient with bi- 
lateral deviated ureters prior to treatment 
might have been considered inoperable, 
although in retrospect this may have been 
an anatomic variation. It again 
likely that the lymph nodes were involved 
in some of the 13 survivors without initial 
clinical evidence of tumor. 

Among our survivors are a patient with 


cases, 2 


seems 


involved inguinal and_ probable © iliac 
Tas_e XVII 
TERATOCARCINOMA 1940-1955 
Total No. Seen 19 
Consultation Only I 
Lost to Follow-up Oo 
Determinate Cases 18 
Tas_e XVIII 
TERATOCARCINOMA RESULTS IN 
DETERMINATE GROUP (18) 
Living without Tumor Over 4 Years 14 
Living with Tumor, 5 Years I 
Dead with Uncontrolled Tumor 3 
Dead of Other Cause Oo 


TABLE XIX 


TERATOCARCINOMA PATIENTS WITHOUT CLINICAL 
EVIDENCE OF METASTASES ON INITIAL 
EXAMINATION (15) 


Living without Tumor Over 4 Years 13 
Living with Tumor at 5 Years 
Dead with Uncontrolled Tumor 


Dead of Cause 
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XX 
PERATOCARCINOMA PATIENTS WITHOUT INITIAL 
EVIDENCE OF METASTASES AND LATER 
DEVELOPING METASTASES (}) 


TABLE 


Living with Tumor at 5 Years I 
Dead with Uncontrolled Tumor I 
Living without Tumor Over 4 Years 


(Localized Pulmonary Metastases; Irra- 


diation Only; Alive 5 Years) 


TERATOCARCINOMA PATIENTS WITH METASTASES 
ON INITIAL EXAMINATION (3) 


TABLE 


Dead with Uncontrolled Tumor 2 


Dead of Other Cause 
Living without Tumor Over 4 Years I 


(Inguinal Mass; Alive 18 Years) 


lymph nodes and a patient previously re- 
ported”? who dev eloped a localized pulmo- 
nary metastasis six months after initial 
treatment. There was typical embryonal 
carcinoma in the primary tumor. He re- 
mains well five years after irradiation of the 
localized pulmonary metastasis. Midplane 
dosage in the chest was 3,300 r (without 
allowance for air-containing lung) in 
twenty-nine days with 2 mev. apparatus. 

Two other survivors had an element of 
choriocarcinoma in the primary tumor. 
One had no postorchiectomy irradiation. 

The single patient initially judged to be 
without metastases, who later died of 
tumor, was seen in 1944. Inadequate dos- 
age (1,000 r-1,goo r in thirty-eight to 
Py ag ae days) was delivered to the left 
pelvis and abdomen. Treatment was dis- 
continued when the peripheral white blood 
cell count dropped to 3,500. An upper ab- 
dominal mass was noted ten months later, 
and a small dose was directed locally for 
palliation. He died twenty months after 
initial treatment. 

In the 2 patients with initial metastases 
dying of disease at three and one-half and 
ten months, local irradiation to painful 
abdominal masses was given. In the patient 
with clinically positive inguinal lymph 
nodes and questionable iliac lymph nodes 
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on initial examination, the dosage of 


radiation could not be considered adequate 
except in the ipsilateral pelvis, where it 
would be questionable (2,450 r in forty-five 
days, midplane dosage). One patient, aged 


thirty-five, without initial evidence of 


metastases returned five years after initial 
treatment with localized undifferentiated 
tumor in the lung. He most likely has 
persistent tumor nine months after pulmo- 
nary irradiation. 

A comparison of the results for the 
periods 1940-1949 and 1gs0-1955 (Table 
v1) shows that there was bias in the 
selected material, for 3 patients with clini- 
cal evidence of metastases on initial exami- 
nation were placed in the earlier group. 
However, the duration of symptoms and 
signs prior to treatment was longer in the 
1950-1955 period. It is encouraging that no 
patient with teratocarcinoma treated in the 
period from 1950-1955 has died with un- 
controlled tumor. 


Although our evidence of correlation of 


improved results with improved irradiation 
technique is not statistically valid and 
must be considered only as suggestive, 
statistically valid evidence of association 
between improved survival rate and radia- 
tion dosage has been claimed by Hést and 
Stokke.!” 

Choriocarcinoma. Two patients had a 
choriocarcinomatous element with em- 
bryonal carcinoma. One reported with bi- 
lateral pulmonary metastases and was 
treated only with furacin. He died three 
months after his initial visit. The other de- 
veloped pulmonary metastases which were 
detected at the conclusion of abdominal 
irradiation. He had an amazing response 
to furacin, reported previously,” and died 
twenty lives months later. 

[nterstitial Cell Tumor. One patient de- 
veloped pulmonary metastases with as- 
sociated bilateral gynecomastia nine years 
after orchiectomy. He remains well four 
years after resection of the posterior 
basilar segment and lingula of the left 
lung.?” He did not receive irradiation. One 
patient with an initial diagnosis of semi- 
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noma received pelvic irradiation. He re- 
mains well twelve vears later. The third 
patient remains well eleven and one-half 
vears after orchiectomy and_ irradiation 
elsewhere. 

Lymphoma. Three patients had an initial 
diagnosis of malignant testicular tumor 
which was later proved to be lymphoma. 
One received postorchiectomy pelvic and 
abdominal irradiation after a diagnosis of 
embryonal carcinoma. He died seven 
months later of widespread disease, now 
considered to be lymphoma. A second pa- 
tient had postorchiectomy pelvic and 
abdominal irradiation after a diagnosis of 
seminoma. He died one year later of wide- 
spread disease, re-diagnosed as Hodgkin’s 
disease at autopsy. The third patient had 
irradiation following a diagnosis of semi- 
noma. Two months later the other testis 
was invaded by tumor. He died elsewhere 
three months later. On review, the original 
tumor is considered to be lymphoma. 


SUMMARY 


Renewed interest in tumors of the testis 
has resulted in a better understanding of 
the broad spectrum of abnormal histology, 
questionably earlier diagnosis and orchi- 
ectomy, and wiser use of roentgen therapy. 
There has been a concurrent fall in the 
mortality rate. 

Analysis of these cases, treated primarily 
by orchiectomy and roentgen therapy to 
the likely metastatic lymphatic pathways, 
has allowed certain tentative conclusions. 

Notation of tumor size, invasion of 
tun:ca, epididymis, cord, and blood vessels, 
as well as observation of amounts of 
lymphatic tissue in seminoma are points of 
prognostic import and should be evaluated 
in examining each specimen. 

The results in this series compare 
favorably with the results in series in 
which radical retroperitoneal lymph node 
dissection has been used. 

3. The results for the period 1950-1955 
have been better than for 1940-1949. This 
has been concurrent with improved radia- 
tion technique, but evaluation remains 
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difficult because of uncontrolled factors 
such as the biased selection of material. 

4. In seminoma, the tumor may con- 
sistently be sterilized by irradiation in a 
dose range of 2,500—3,000 r in four weeks. 
Therefore, except in studies to evaluate the 
efficacy of irradiation, retroperitoneal dis- 
section would seem undesirable. If metas- 
tasis as embryonal carcinoma or tera- 
tocarcinoma proves to be a f 
clinical importance, in vie of a negligible 
incidence of serious radiation-produced 
complications, the dosage for this group 
could be extended to 3,500 —4,000 r in six 
weeks. 

5s. Embryonal carcinoma frequently is 
radiosensitive. Careful distribution of mid- 
coronal-plane doses of 3,500-4,000 r in six 
weeks may offer as good a chance of tumor 
control as bilateral radical retroperitoneal 
lymph node dissection. 

6. In view of the much better survival 
rate in teratocarcinoma as compared with 
that of embryonal carcinoma, it would 
seem, as mentioned by Dixon and Moore,’ 
that the presence of a mature teratomatous 
component is an indication of relative 
benignancy. The survival rate of this group 
of radiation-treated patients in our series 
compares favorably with reported results 
of combined retroperitoneal dissection and 
irradiation. In one instance, local roentgen 
therapy of a metastatic pulmonary lesion 
has been effective. 

7. Serious complications should rarely 
result from careful effective roentgen 
therapy to the pelvic and abdominal 
lymphatics. The only instance in which a 
serious complication occurred in this series 
resulted from overly vigorous irradiation in 
an attempt to combat rapidly progressing 
venous and lymphatic obstruction of a 
lower extremity. 

8. Because of the insensitivity of the 
methods used for the detection of tumor in 
pelvic and abdominal lymphatics, many 
patients, who might be cured by  orchi- 
ectomy alone, receive unnecessary irradia- 
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tion. However, in consideration of the 
apparent over-all improvement of the sur- 
vival rate and the low incidence of compli- 
cations, such a program of orchiectomy 
and postoperative roentgen therapy ap- 
pears worthy of continuation. 

Robert G. Parker, M.D. 

Department of Radiology 

University of Washington 

Seattle 5, Washington 
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ROENTGENOLOGIC MANIFESTATIONS OF 
TROPHOBLASTIC TUMORS* 


By THEODORE F. HILBISH, 


BETHESDA, 


— report was stimulated by the 
interesting roentgen findings observed 
in a series of 34 female admitted to 
the Clinical Center of the National Insti- 
tutes of Health with chorionepithelioma or 


chorioadenoma destruens. Further impetus 


M.D.,¢ and EMIL 


MARYLAND 


was given to this paper by the absence of 


reports dealing specifically with the roent- 
genologic findings of these tumors from the 
medical literature of at least the last ten 
years. Case reports and clinicopathologic 
observations are found in the gynecologic 
and pathologic literature. 

The relative 
these tumors rarely affords the opportunity 
to study such a group of cases roentgeno- 
logically, or for that matter, clinically. On 
the other hand, the diverse roentgen find- 
ings encountered, mostly nonspecific 
this particular entity, might be confused 
with those of other entities. Furthermore, 
changes in the roentgenologic findings, 
particularly those of the lungs, correlate 
very well with change in clinical status and 
laboratory findings in patients undergoing 
chemotherapy. 

No attempt will be made to discuss the 
pathologic classification of these tumors 
and the clinical implications of such a clas- 
sification. Much controversy over classifica- 
tion is found in the literature.” Suffice it to 
say that chorionepithelioma is commonly 
considered as one of the most malignant 
of tumors and that chorioadenoma de- 
struens very often pursues a rather benign 
course.” Unpredictable tumor behavior in 
either group is, however, not uncommon. 
These chorionic neoplasms arise from the 
fetal trophoblast and may follow any type 
of pregnancy.!:4:9!%" The great majority of 
chorionepitheliomas originate from hyda- 


infrequent occurrence of 


of 
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tidiform moles.® Next in frequency they are 
found following abnormal pregnancies, in- 
cluding ectopic pregnancies at any site, 
ending i in abortion or surgery.! Only rarely 
do these tumors manifest themselves fol- 

lowing normal pregnancies.? Although the 
classic clinical findings leading to a pre- 
sumptive diagnosis of chorionepithelioma 
are history of abortion or mole, vaginal 
bleeding following pregnancy and enlarge- 
ment of the uterus following pregnancy, a 
small percentage of cases is on record 1 

which no primary tumor could be found and 
the first signs of malignancy were encoun- 
tered in the form of distant metastases, pre- 
dominantly pulmonary metastases.' The 
presence and, conversely, the absence or re- 
gression of tumor are reli ibly determined 
by chorionic gonadotropin titers from the 
urine.®:’ In our laboratory, 200 mouse units 
per twenty-four hours are the upper limit of 
normal for the oophorectomized female.* 
The figures quoted in this paper represent 
mouse units per twenty-four hours. 


MATERIAL AND METHOD OF STUDY 


The patients in this group were proved 
cases of chorionepithelioma or chorio- 
adenoma destruens by clinical, laboratory, 
and histologic studies. They ranged in age 
from seventeen to fifty-one years. No char- 
acteristic factors in regard to the disease 
under discussion such as age or number of 
pregnancies were observed. The last 28 pa- 
tients admitted with a diagnosis of tropho- 
blastic tumor were included in a chemo- 
therapy study group. All but 4 of the study 
group patients were treated with three or 
more courses of methotrexate. The drug 
was administered for five consecutive days 
in dosage levels of 10 to 30 mg. If no serious 


* From the Diagnostic X-ray Department, The Clinical Center, National Institutes of Health, Bethesda, Maryland. 


+ Chief, Diagnostic X-ray Department. 
t Resident in Radiology, The Clinical Center. 
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toxic effects were encountered, additional 
courses were given at seven to ten day 
intervals. The patients experienced vary- 
ing degrees of reaction to the medication 
consisting of drug rash, stomatitis, enter- 
itis, bone marrow depression, anorexia, 
nausea and vomiting. One death was at- 
tributed to irreversible methotrexate tox- 
icity. 

All patients were followed carefully by 
clinical, laboratory, and roentgenologic in- 
vestigation. Tumor size and response were 
recorded. The therapeutic management 
and results will be detailed only to the ex- 
tent that is significant for discussion of the 
roentgenologic findings. For complete clini- 
cal information of this study, the reader is 
referred to a report by Hertz e¢ a/. in the 


October 4, 1958, edition of the Yournal of 


the American Medical Assoctation. 


ROENTGEN FINDINGS 

The roentgenologic findings observed 
are mostly those of metastatic disease. The 
most frequently described sites of metas- 
tasis by the pathologist and clinician are 
the lungs and vagina. Eventually, meta- 
static lesions may be found in the following 
organs, listed in the order of frequency: 
brain, liver, kidneys, ovaries, intestines, 
broad ligaments, cervix, bladder and fal- 
lopian tubes, spleen, adrenals, thyroid, and, 
very rarely, bones.”**"" The most common 
roentgenologic lesion is that of lung metas- 
tases. Most frequently, the lesions are 
nodular, homogeneous in density, multi- 
sized, and cannot be differentiated reliably 
from those of metastatic sarcoma, mela- 
noma, and, less often, of other metastatic 
pulmonary tumors. There is a considerable 
variation in size, distribution and the num- 
ber of deposits within the lung paren- 
chyma. Less commonly, localized or diffuse 
patchy, infiltrative changes are first seen. 
These may range from small areas of infil- 


tration to nearly complete consolidation of 


both lungs and from soft homogeneous con- 
fluent densities to various degrees of nod- 
ular infiltration. Roentgenologic differ- 
entiation from changes seen in various 
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types of inflammatory disease is often im- 
possible. Pleural reaction alone or in com- 
bination with the above mentioned changes 
may be the first sign of metastatic disease. 
Pleural hemorrhage of sudden onset sec- 
ondary to metastatic disease with rapid 
opacification of a hemithorax has been 
observed. 

The next most frequent site of roent- 
genologic abnormality occurs within the 
pelvis. Soft tissue masses are frequently 
seen on plain roentgenograms. Obstructive 
uropathy is the most serious and the most 
common complication of pelvic metastases. 
Intravenous urography is a valuable roent- 
genologic method of determining the extent 
of involvement of the bladder and distal 
ureters. 

Intracranial metastatic lesions are sel- 
dom demonstrated by roentgen examina- 
tion. Nevertheless, signs of increased intra- 
cranial pressure such as erosion of the 
dorsum sellae or exaggerated digital mark- 
ings may be the first indication of intra- 
cranial disease. Pneumoencephalography 
and ventriculography as well as cerebro- 
arteriography may be essential in estab- 
lishing a definitive diagnosis. 

Unusual sites of metastatic chorion- 
epithelioma are occasionally seen. Two such 
cases, one with small bowel metastasis and 
the other with lumbar epidural space in- 
vasion, are reported here. Massive hepato- 
megaly is rarely observed, but, when pres- 
ent, this finding is of grave prognostic 
significance. One report from the German 
literature listed 5 cases of chorionepi- 
thelioma with bone lesions, presumbably 
secondary to metastasis, but, in our ex- 
perience, not a single skeletal lesion was 
demonstrated. 

In contradistinction to choriocarcinoma 
in males, abdominal or mediastinal lymph- 
adenopathy was not demonstrated roent- 
genologically in this study. Reports in the 
literature stress the very infrequent in- 
volvement of the lymphatic system with 
metastatic trophoblastic tumors in_ fe- 

The following cases were selected to 


i 
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illustrate the varying roentgenologic find- 
ings. 


REPORT OF CASES 


Case 1. B.R., a thirty-five year old white fe- 
male, para 1, had a normal pregnancy and de- 
livery in 1955, followed by persistent spotting 
and enlargement of the uterus. After passage of 
a mole, vaginal spotting continued. A series of 
Friedman tests were negative and positive at 
various times. Dilatation and curettage on 
several occasions were negative. A hysterec- 
tomy in March, 1958 led to the diagnosis of 
chorionepithelioma. Three years after the onset 
of her illness, this patient was admitted to the 
Clinical Center with hemoptysis. She is under 
treatment at this time. The chorionic gonado- 
tropin titers have ranged from 2 to 4 million 
units. 


Comment. Figure 1 demonstrates the 
most frequently encountered roentgeno- 
logic finding of metastatic chorionepitheli- 
oma. There are numerous multisized, 


nodular, homogeneous deposits in both 
lungs. The diameter of the lesions varies 
from several millimeters to several centi- 
meters. The osseous structures are intact. 
There is no evidence of pleural reaction or 
soft tissue abnormality. Metastatic sar- 
melanoma 


coma or will simulate these 


Fic. 1. Case 1. Numerous multisized, nodular, meta- 
static deposits are present in both lung fields. 
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lesions. Less frequently, pulmonary metas- 
tases of the more common neoplasms from 
the gastrointestinal or genitourinary tract, 
or adrenal carcinoma, will present a similar 
appearance. 

Case u. M.F., a seventeen year old white 
female, para 0, gravida 1, passed a mole two 
and one-half months prior to admission. She 
was admitted to the Clinical Center with severe 
dyspnea, pleuritic pain, and vaginal bleeding. 
Pelvic examination showed a mass protruding 
from the cervix. The uterus was enlarged. 
Biopsy of the mass was diagnosed as chorio- 
carcinoma i” situ. The gonadotropin titer was 
500,000 units before treatment and fell to so 
units after four courses of methotrexate therapy. 
The patient is completely rehabilitated at pres- 
ent and has normal menses. 

Outside roentgenograms from June, 1957 
through August, 1957 showed progressive, ex- 
tensive pulmonary metastases with pleural 
changes at the right costophrenic angle. A chest 
roentgenogram (Fig. 24) obtained at the Na- 
tional Institutes of Health in August, 1957 
showed multisized, nodular, homogeneous, 
metastatic deposits throughout both lungs with 
blunting of the right costophrenic angle. The 
latest roentgenogram (Fig. 2B) of April, 1958 
revealed complete clearance of the pulmonary 
metastases following therapy. 


Comment. This case demonstrates dis- 
appearance of massive pulmonary metas- 
tases following chemotherapy. Possible 
successful therapy of this disease demands 
differential consideration of trophoblastic 
tumor when pulmonary metastases are 
found in females, particularly since cases 
are on record where pulmonary metastases 
were the first sign of disease.!! 

Case 1. N.N., a thirty-seven year old white 
female, was admitted to the Clinical Center 
with a diagnosis of chorionepithelioma following 
panhysterectomy six months prior to admission. 
The patient had two normal pregnancies, the 
last eight years ago. The final normal menstrual 
period, one year prior to admission, was fol- 
lowed by recurrent vaginal spotting and cramps. 
Dilatation and curettage ten and seven months 
prior to admission showed “‘decidua.” A third 
dilatation and curettage led to the correct di- 
agnosis of chorionepithelioma. 

A chest roentgenogram (Fig. 3) showed a 
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Hic. 2. Case 11. (4) Chest roentgenogram of August, 1957 showing widespread, nodular metastatic disease. 
(B) Roentgenogram of April, 1958 demonstrating complete resolution of lesions following therapy. 


large soft tissue density in the left chest ex- 
tending into the mediastinum with superim- 
position upon the cardiovascular structures in 
posteroanterior projection. In addition, there 
was some evidence of numerous soft, nodular 
densities throughout both lung fields, and of 
pleural reaction at the left costophrenic angle. 


Comment. The location and size of this 
large lesion are unusual for metastatic 
chorionepithelioma. On the posteroanterior 
roentgenogram alone, one could not exclude 
the possibility of a mediastinal tumor or a 
tumor of the cardiovascular structures. The 
lateral view showed the large mass to oc- 
cupy mainly the mid- and posterior portion 
of the thorax. A number of differential pos- 
sibilities such as lymphoma, teratoma, 
thymoma, neurogenic tumors and other 
pulmonary metastases exists in addition to 
the considered entities listed under Case 1. 

Case iv. R.B., a twenty-five year old white 
female, para 1, gravida 11, had a hysterectomy 
nine months prior to admission. She was ad- 
mitted to the Clinical Center with a diagnosis 
of chorionepithelioma with metastases. Posi- 
tive clinical and laboratory findings included 
gastrointestinal tract bleeding, diplopia, in- 
coordination, abnormal electrocardiogram, and 
retinal hemorrhage. The gonadotropin titer was 
1,500,000 units before treatment and dropped 
to $0 units following four courses of chemo- 
therapy. The patient is completely rehabilitated 
at present. 

The roentgen findings are limited to the chest 


(Fig. 4). A solitary pulmonary lesion appeared 
in the apex of the right lung and progressed in 
size until the beginning of chemotherapy. At 
the completion of therapy, the lesion had dis- 
appeared. The chest has remained negative. 


Comment. This solitary peripheral pul- 
monary lesion is another unusual manifes- 


Fic. 3. Case 11. Large paramediastinal mass with as- 
sociated smaller pulmonary deposits. Note pleural 
effusion in left costophrenic angle. 
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ic. 4. Case 1v. Unusual circumscribed, solitary, 
apical metastatic lesion which subsequently disap- 
peared with chemotherapy. 


tation of trophoblastic pulmonary metas- 
tasis. The roentgen finding by itself, of 
course, is nonspecific. A primary lesion of 
pleura or lung would probably rank above 
metastatic disease in regard to likelihood, 
when considering the roentgen findings of 
the chest exclusively. 


Case v. A.A.,, a thirty year old white female, 
para 0, was admitted to the hospital seventeen 
months following her first menstrual disturb- 
ance with extreme dyspnea, fever, and thyro- 
toxicosis. The uterus was markedly enlarged. 
Sixteen months prior to admission, a dilatation 
and curettage led toa diagnosis of hydatidiform 
mole. The patient received 13 courses of chemo- 
therapy. Following chemotherapy, a hysterec- 
tomy was performed at which time the uterus 
contained a necrotic mass. The chorionic 
gonadotropin titer was 12,000,000 units prior 
to therapy and dropped to a low of 50 units 
with a subsequent rise to 16,000 units when 
last performed. The patient became euthyroid 
under tapazole treatment. She has 
asymptomatic for sixteen months. 

Roentgen findings on admission were as fol- 
lows: A large soft tissue mass was present in 
the pelvis. The chest roentgenogram (Fig. 5) 
demonstrated widespread nodular infiltrative 
changes throughout both lungs. The nodules 
were small, irregular, and nonhomogeneous. 
The infiltrates were almost confluent in nature. 
During therapy, the pulmonary lesions cleared 
completely. 


been 


Comment. First, this case demonstrates 
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that a trophoblastic tumor with a supposed 
benign histologic diagnosis (hydatid mole) 
can pursue a very malignant course. In this 
patient there is evidence of residual dor 
mant disease as manifested by chorionic 
gonadotropin titer. Secondly, the nature of 
the pulmonary metastatic disease 1s inter- 
esting from a roentgen standpoint. This less 
common form of metastasis represents a 
transitional stage from discrete nodules, 
characteristically seen in neoplasm, to 
patchy or confluent infiltration, more likely 
to be associated with inflammatory disease. 
The differential diagnostic possibilities are 
numerous including metastatic thyroid 
neoplasia, Boeck’s sarcoid, fungus disease 
and inflammatory lesions. 


Case vi. J.C., a twenty-three year old white 
female, was admitted with severe dyspnea, 
fever, and marked debilitation. In 1952, the 
patient had a hydatidiform mole. In August, 
1954, she delivered a normal five pound female 
in the seventh month of pregnancy. In Septem- 
ber, 1955 menorrhagia developed. In March 
1956, a labial was found which 
biopsied and diagnosed as choriocarcinoma. The 
uterus was enlarged four times normal size. The 
gonadotropin titer was 200,000 units on admis- 
sion and has since fallen to 500 units during 
chemotherapy. The patient has been in remis- 


mass was 


Fic. 5. Case v. Diffuse nodular, infiltrative meta- 
static disease representing uncommon transitional 
stage from discrete nodulation to patchy infiltra- 
tion. 
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sion for twenty-six months and is asymptomatic 
at present. 

Admission roentgen examination showed a 
large pelvic mass. A chest roentgenogram re- 
vealed extensive infiltrative changes through- 
out both lungs, most marked at the right base 
(Fig. 6). Subsequent roentgenograms showed 
right-sided pleural effusion. During chemother- 
apy, the chest cleared and has remained nega- 
tive since. 


Comment. The roentgen findings are 
strongly suggestive of extensive, patchy 
bronchopneumonia. Detailed viral and 
bacterial studies were negative. No re- 
sponse was noted to antibiotic therapy in 
this and in several similar cases. In our 
series a number of cases presented with 
transitional, nodular infiltrative or pre- 
dominantly infiltrative pulmonary changes, 
which on the basis of roentgen findings 
alone, were more suggestive of inflamma- 
tory than of neoplastic disease. The sur- 
viving patients responded to methotrexate 
but not to antibiotic therapy and in those 
patients of this group that succumbed, the 
“infiltrates” were proved to be metastatic 
disease at autopsy. 


Case vil. M.L., a twenty-five year old white 
female, was admitted to the Clinical Center 
four weeks following hysterectomy with a 
diagnosis of chorioadenoma destruens. She had 
one normal pregnancy and her last normal 
menses occurred six months prior to surgery. 
Metastatic pulmonary disease was present. The 
gonadotropin titer dropped from 40,000 units to 
50 units following five courses of methotrexate 
therapy. The patient has remained well for the 
past twenty-six months. 

Chest roentgen studies showed progressive 
nodular pulmonary metastatic disease. Shortly 
after admission a sudden hemothorax occurred 
with resultant complete opacification of the 
right hemithorax (Fig. 7.7). Also, a few meta- 
static nodules were present in the left lung. 
Gradual control of bleeding and clearing of the 


chest during the subsequent two months of 


therapy was observed. A chest roentgenogram 
five months after admission showed complete 
disappearance of the pulmonary metastases and 
residual pleural thickening on the right side 


(Fig. 7B). 
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ic. 6. Case vi. The pulmonary findings are predomi- 
nantly infiltrative in nature, more suggestive of 
infammatory than neoplastic disease. No response 
to antibiotics but clearing on methotrexate ther- 
apy was observed. 


Comment. The appearance of sudden 
massive opacification of the thorax in a fe- 
male with trophoblastic tumor or with 
clinical and laboratory evidence of “‘preg- 
nancy” should suggest at once the possibil- 
ity of pleural hemorrhage. Trophoblastic 
tumors are very vascular and the chorionic 
tissue has a marked tendency to invade 
vascular spaces. Metastases with fatal 
hemorrhage may occur without identifica- 
tion of the primary etiologic agent during 
life. Radiologists should be aware of the 
potential hazards of hemorrhage in con- 
junction with these lesions. 


Case vill. G.B., a twenty-five year old white 
female, para v, had a dilatation and curettage 
because of persistent uterine bleeding three 
months following a normal pregnancy. A diag- 
nosis of choriocarcinoma was made. A large 
uterine mass extending 11 cm. above the sym- 
physis was palpated. General debility and 
anemia were present. In spite of regression of 
the pelvic mass and metastatic lesions in the 
lungs during chemotherapy, a massive uterine 
hemorrhage occurred necessitating hysterec- 
tomy. The patient received seven courses of 
methotrexate therapy. The gonadotropin titer 
dropped from 4,500,000 units to 50 units where 
it has remained. The patient has been well for 
the past twenty-six months. 
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Fic. 7. Case vir. (4) Opacification of the right chest following sudden hemothorax. Note associated small 
metastatic lesion in the left lung (arrow). (B) Clearing of metastatic deposits and resorption of hemothorax 
with residual pleural thickening. 


Roentgen examination of the chest demon- ing extrinsic pressure deformity of the bladder 
strated multiple discrete nodular pulmonary as well as lateral displacement of the distal end 
metastatic deposits which disappeared during — of the left ureter. There was no evidence of ob- 
therapy. A roentgenogram of the pelvis demon- structive uropathy. A gastrointestinal study 
strated a large mass. Intravenous pyelography (Fig. 8B) produced roentgen evidence of a 
(Fig. 84) showed a large intrapelvic mass caus- pelvic tumor mass as manifested by extrinsic 


Fig. 8. Case vu. (4) Intravenous pyelogram demonstrating large pelvic mass causing extrinsic pressure on 
ureters and bladder. (B) Gastrointestinal roentgenogram delineating superior border of pelvic mass by dis- 
placement of small bowel. 
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ileal pressure deformity and upward displace- 
ment of the ileum. 


Comment. The second most common 
roentgen manifestation of trophoblastic 
tumor is an intrapelvic mass. This may in- 
vade the bladder and obstruct the urinary 
tract (Case 1x) or extend posteriorly, com- 
pressing the rectum. These roentgenologic 
findings are by no means pathognomonic of 
trophoblastic tumors. 


Case 1x. N.K., a thirty-eight year old white 
female, para 11, was diagnosed as having chorio- 
carcinoma. A hysterectomy was performed in 
January, 1957. Obstructive uropathy with 
hydronephrosis necessitated nephrostomy in 
May, 1957. The patient had a history of drug 
allergy and showed severe reactions during 
chemotherapy. Following the last course of 
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therapy, severe jaundice, enteritis and leuko- 
penia developed and the patient expired. Her 
gonadotropin titer had fallen from 250,000 
to 100 units. At autopsy, toxic hepatitis and 
marked bone marrow destruction were found. 
There was no evidence of residual viable tumor 
anywhere. The previously noted large invasive 
mass in the pelvis was necrotic. 

All chest roentgenograms were negative. 
Intravenous pyelography demonstrated hydro- 
nephrosis of the right ureter and slight compres- 
sion of the bladder from the right side (Fig. 94). 
Contrast study two months after surgery with 
hypaque introduced through the nephrostomy 
tube demonstrated decrease in the extent of 
hydronephrosis (Fig. 9B). There was evidence 
of intrinsic filling defects in the distal right 
ureter and on the right side of the bladder due 
to invasion of these structures by tumor. 


Comment. This case demonstrates in- 


Fic. 9. Case 1x. (4) Intravenous pyelogram (two-hour roentgenogram) revealing marked hydronephrosis on 
the right side due to partial obstruction of the lower right ureter. (B) Roentgenogram obtained following 
injection of hypaque through nephrostomy tube. Note tumor invasion with distortion of the distal right 
ureter and bladder (arrows). 
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Fic. 10. Case x. Portable roentgenogram of abdo- 
men demonstrating large upper abdominal mass 
due to extensive liver metastases. Note inferior 
displacement of gas filled transverse colon (ar- 
rows). 


vasion of the urinary tract by tropho- 
blastic tumor. This type of involvement 
was well demonstrated in 2 of our cases. 
Roentgenologically, this lesion cannot be 
distinguished from invasion by other ma- 
lignant tumors of this region (cervix, 
bladder, rectum, etc.). This patient’s death 
was attributed to drug toxicity. 


Case x. A.H., a forty-eight year old white 
female, para iv, was admitted, status post 
hysterectomy four months prior to admission, 
for choriocarcinoma. The patient was comatose 
and had severe icterus. She expired on the third 
hospital day during the first course of therapy. 
Autopsy showed metastatic choriocarcinoma in 
the liver and brain. 

A chest roentgenogram revealed pleural reac- 
tion at the left costophrenic angle, elevation of 
both diaphragms and opacification of the upper 
abdomen. A portable roentgenogram of the ab- 
domen (Fig. 10) showed a large mass in the 
upper abdomen and evidence of ascites. 


Comment. Two patients in this study 
demonstrated an upper abdominal mass, 
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due to liver enlargement. In both instances 
the patients were terminal when roentgen- 
ographed. The abdominal findings are, of 
course, nonspecific from a roentgen point of 
view. 


Case x1. F.A., a thirty-five year old white 
female, para 11, had a hydatidiform mole re 
moved in September, 1953, ten months follow- 
ing a normal pregnancy. Three years later, 
choriocarcinoma was suspected because of a 
positive pregnancy test, metastatic lung lesions, 
and vaginal bleeding. Irregular menses, con- 
tinued lactation, and intermittent abdominal 
pain were the patient’s symptoms since 1953. 
A dilatation and curettage in 1954 and 1955 as 
well as hysterectomy in 1965 failed to produce 
evidence of trophoblastic cells. In September, 
1956, the patient developed bowel obstruction. 
A diagnosis of metastatic choriocarcinoma was 
made from the resected specimen of jejunum. 
Two weeks following abdominal surgery, cen- 
tral nervous system symptoms developed. At 
subsequent surgery, a large inoperable meta 
static choriocarcinoma was found in the left 
parietal lobe. The patient died postoperatively 
and autopsy revealed metastatic deposits in 
the lungs and brain but no tumor elsewhere. 

Chest roentgenograms showed nodular meta- 
static pulmonary lesions. A gastrointestinal 
study demonstrated evidence of obstruction in 
the proximal jejunum (Fig. 118). The scattered 
barium present in the large bowel was residual 
from a previous colon study. Ventriculography 
revealed a space-occupying lesion in the left 
hemisphere (Fig. 11.7). The ventricular system 
was shifted to the right. On lateral views, a tu- 
mor mass was seen to protrude into the mid- 
and posterior portions of the left lateral ven- 
tricle. 


Comment. This case is very interesting 
for several reasons. First, the primary 
tumor was never demonstrated in the pel- 
vic viscera. This has been reported in the 
literature.!! Secondly, a single metastatic 
lesion involving the gastrointestinal tract 
is a very unusual occurrence. This patient 
serves to stress the importance of awareness 
of the occasionally unpredictable behavior 
of trophoblastic tumors. The demonstra- 
tion of a central nervous system lesion is 
very helpful, especially when there is an 
absence of localizing neurologic signs and 
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lic. 11. Case x1. (4) Ventriculogram showing displacement of the ventricular system to the right due to 
metastatic choriocarcinoma of the left parietal lobe. (B) Obstruction of proximal jejunum secondary to 
single metastatic tumor to intestinal tract. Note scattered barium due to previous barium enema. 


when the question of drug toxicity exists. 
The distinct possibility of chemotherapeu- 
tic success justifies pneumoencephalogra- 
phy or ventriculography in selected cases. 
This patient was not in the chemotherapy 
study group. 


Case xu. F.S., a twenty-seven year old 
white female, para 11, gravida 111, abortion 1, 
had a radical hysterectomy for chorionepithe- 
lioma five months prior to admission. The pa- 
tient complained of weight loss and severe low 
back pain. The left knee jerk was absent. 
Pelvic and rectal examination produced no 
evidence of tumor. The gonadotropin titer 
from units to & units. 
Neurologic signs in the lower extremities were 
progressive. Attempted lumbar puncture 
yielded brisk hemorrhage. Following myelo- 
graphic demonstration of diffuse lesions com- 
promising the mid- and lower spinal canal, 
radiation therapy was given to this region with- 
out success. The patient became paraplegic 
with progressive, ascending signs until her de- 
mise in August, 1954. At autopsy, there was 
evidence of extensive pulmonary metastatic dis- 
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rose 


ease and metastatic lesions in the psoas muscles 
with diffuse infiltration of the epidural space 
and local cord compression at T-12 and L-4 
levels. 

Chest roentgenograms showed the diffuse in- 
filtrative type of pulmonary metastases indis- 


tinguishable frominflammatory disease. M yelog- 
raphy by lumbar puncture (Fig. 12, 4 and B) 
demonstrated a definite block at L-3 and evi- 
dence of extradural compression below that 
point. Myelography by cisternal puncture (Fig. 
12, C and D) revealed a block at L-1 and also 
evidence of extradural cord compromise. 


Comment. From a roentgenologic point 
of view, the patient had atypical pulmo- 
nary metastatic disease. This type of lesion 
was discussed previously. The singularly 
encountered metastatic epidural disease is 
an unusual finding in view of lack of evi- 
dence of the 
lymphatics of the abdomen, pelvis, and 
retroperitoneal region. This patient was 
not a chemotherapy study patient. 


metastases in vessels or 


SUMMARY 


The roentgenologic manifestations of 
trophoblastic tumors in females are re- 
ported as encountered in a group of 34 pa- 
tients. The roentgen findings are primarily 
those of metastatic disease. The various 
lesions described in this paper are recorded 
in the order of their frequency of occurrence. 
Pulmonary metastases are discussed in 
some detail because of their very frequent 
occurrence and because of the varying 


Vor. 83, No. 
7 
q 2 
i 
é 
4 


76 Theodore F. Hilbish and Emil Schulz Jaxvary, 1960 


Fic. 12. Case xu. (4 and B) Lumbar myelograms in oblique and lateral projections revealing extradural com- 
. - . . - . 
pression of the spinal canal with complete obstruction at L-3. Arrows demonstrate level of obstruction. (C 
and D) Cisternal myelograms showing extensive extradural (white arrow) compression and obstruction at 


L-1 (black arrow). 
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types of lesions encountered. All 34 patients 
had at least one form of roentgenologic 
manifestation of their disease. 

These tumors deserve the radiologist’s 
attention not only because of interesting 
roentgen findings but also because the first 
evidence of a trophoblastic tumor may be 
detected roentgenologically in the form of 
metastatic disease. A review of the histories 
and clinical records indicates that in a con- 
siderable number of eventually proved 
cases of trophoblastic tumors a definitive 
diagnosis was not made for varying periods 
of time, often in the presence of demon- 
strated but unrecognized metastases. Fur- 
thermore, the distinct possibility of chemo- 
therapeutic success with complete regres- 
sion of metastatic disease for varying 
periods of time demands prompt recogni- 
tion of this rare tumor group in any form of 
manifestation. Last, but not least, evalua- 
tion of therapeutic response is, at least in 
part, the task of the radiologist. 


Theodore Hilbish, M.D. 

The Clinical Center 

Department of Health, Education, and Welfare 
Public Health Service 

Bethesda 14, Maryland 


The authors are indebted to Dr. Roy Hertz 
for his cooperation during discussion and clari- 
fication of a number of important clinical prob- 
lems germane to this article, and to Dr. FE. P. 
Price for his cooperation in supplying the 
pathologic data of the study patients under dis- 
cussion. 
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RADIATION MYELITIS* 


By JOHN B. DYNES, M.D.,¢ and MAGNUS I. SMEDAL, M.D.t 


BOSTON, MASSACHUSETTS 


YELITIS occurring after radiation 
therapy for malignant disease has 
been reported relatively infrequently. In re- 
cent years, as a result of the more adequate 
treatment of syphilitic infections, myelitis 
has become a relatively uncommon dis- 
order. We wish to present IO cases seen in 
the past nine years since we began using 
two million volt roentgen therapy. Ap- 
proximately 800 patients with malignant 
disease of the head, neck, mediastinum or 
lungs have been treated with 2 mev. 
roentgen rays in doses ranging from 4,800 
to 6,000 r, and the cervical or dorsal cord, 
or both, have unavoidably received this 
same dosage. In the years prior to 1957, 
Boden* reported 10 cases occurring in 161 
treated patients, and Greenfield and Stark® 
reported 3 cases occurring in a group of 180 
patients who had received dosages of 5,000 
to 6,000 r to the lumbar area. Friedman‘ 
found that the incidence of neurologic dam- 
age was IO per cent in 100 patients with 
carcinoma of the testes whose spinal cord 
received doses of 5,000 r or more. 
The essential data in our 10 cases 
summarized in Table 1. 


are 


REPORT OF CASES 

Case 1. Our first case was a forty-two year 
old male with a giant follicular lymphoma; posi- 
tive lymph nodes in the left cervical and supra- 
clavicular and mediastinal areas were proved 
by biopsy study of a lymph node of the left 
side of the neck in May, 1950. Two fields were 
treated between June 13 and June 30, 1950 
12 treatments over a period of eighteen days. 
A tissue dose of 2,537 r was directed to the 
cervical and supraclavicular fields, and 2,5 
to the mediastinum. Care was taken to join the 


56 


two fields, but there is a distinct possibility of 


overlap—so that theoretically the dose at the 
junction of the two fields could range from 


*p 


2,500 to 5,000 r. Two months following the 
roentgen treatments, bilateral paresthesias of 
the arms, hands and shoulders developed, but 
these disappeared after another two months. 

In June, 1951, the patient fell and struck the 
upper dorsal spine. Paresthesias of the back, 
with pain as high as the fourth thoracic seg- 
ment, and pain and paresthesias down the right 
leg occurred almost immediately. Approxi- 
mately four days later, there were complete 
motor and sensory levels at the fourth thoracic 
segment. Portal roentgenograms taken during 
therapy showed the junction of the two fields 
to be at the third thoracic interspace. The 
neurologic findings were: hyperactive reflexes, 
positive Babinski sign bilaterally, ankle clonus 
on the right, and loss of vibration and position 
sense on the right with the sensory level at 
about the third thoracic segment. 

On August 8, 1951, exploratory operation was 
performed and necrosis of the spinal cord was 
found at the level of the fourth thoracic seg- 
ment over an area of about 3 cm. This area was 
characterized by avascularity of the bone and 
the presence of vascular buds over the cord. The 
biopsy specimen is shown in Figure 1, B and C 
as compared with a normal area (Fig. 14). The 
final pathologic report was late vascular dam- 
age from radiation with resultant cord necrosis 
or radiation myelitis. 

Severe flexor spasm of the legs developed, and 
an anterior rhizotomy was necessary to obtain 
relief. This patient is living without evidence 
of disease, but is paraplegic. 


Case ut. A fifty year old man had undifter- 
entiated metastatic carcinoma in the right sub- 
maxillary and cervical region with a question- 
able primary lesion in the nasopharynx. The 
diagnosis was made by biopsy study of the 
cervical lymph nodes in August of 1955. 
Roentgen therapy was directed to the naso- 
pharyngeal, cervical and superior mediastinal 
areas with a tissue dose of 6,000 r adminis- 
tered in the fifty-one days between August 11 
and September 30, 1955. Iwo fields were used 


resented at the Forty-first Annual Meeting of the American Radium Society, Hot Springs, Virginia, April 6-8, 1959. 


+ Department of Neuropsychiatry, The Lahey Clinic, Boston, Massachusetts. 
¢ Department of Radiology, The Lahey Clinic, Boston, Massachusetts. 


78 


[ 
BID diwapy 
4 
© 
= S91} 
on 
jo 
‘ad , 
on 
SNIBIS Vi GO[OININT 


VoL. 


uls 


vw 
‘Sun| jo prowsapidy 


“III 


a4 t$-%-6 Awoy 


[Bolsins 
sed 3y xajduis 


SOSBISPIOW |e 


JU [BOTAIIO 
ysod prowsapid’y 


{syed Judsindas 
uedeg aanisod !Adossoysuosqg 


Aq sseul jo 


[A199 xuAJt 


xudsvydoseu 


jO 


IBD 


(desay 


jO 3B SlsouseIc] 


jo |? 
ou 


joquia “4X 


ust 


JO OU FAS 


doasau 


JO [BI 
ul] OU @ | 


ou 


dossau £ Sp 


2 
“ou 6 “IA 


JO 


JO 


INO 


IZ 


esvasip Jno 


“‘SUIAI 


JNO 


asBaSIP JNO 


‘JA 29 “BULAT] 


| 


90% 


[PAIAING 


‘oul 


t 


‘pracy 


‘IA 1 


‘peaq 


‘oul 


( jdxa 


“TA 


6 
‘oul OI 
*DUIAL | 


Ou QI SSUIAI [ 


“TA 


“44 


SASVO 


[ 


sem 


UDAIT 4 


J oo$ *F sayy 4 


‘ 


W 
-Ly ‘ppPy 6+ ‘9 1$-t1-$ 6¢ X 
11] 
ty sug ts ‘9g gS-S XI 
4 
uolqount ‘sppay ‘9 2-7-9 ILIA 
TL, fooo'g IN 
MIBIOYY 
jaddn pue 
“play xe 89 ‘9 it IA 
aug > ‘AY -£ 6s A 
uoiount ‘spay z l 1$ Al 
38 q 
uoljount | >) 92-9 -I tr III 
uoljount ‘spjay 15 ‘9 s Il 
IN 
‘spay 11 QI ,00$ tr I 
syquow 
SABDp Xo 
\ 5 ‘ON 


[PAIOIUT 


LUVWWOAS 


| 
; 
v 
| 
uv 
| 
= = 
| > | | | | 
he — mice 
5) 
| 
| 
++ 


80 John B. Dynes and Magnus I. Smedal 


an upper opposing right and left lateral field 
and a lower opposing anterior and posterior 
field, with the junction coming at staggered 
levels between the sixth cervical and the first 
thoracic segments. The daily dosage rate, in 
five treatment days each week, was 170 r. 
In October, 1957, twenty-four snniutes following 
completion of roentgen therapy, fatigue and 
subjective alteration in temperature perception 
developed. Loss of temperature sense was noted 
in the right leg. In January, 1958 he complained 
of weakness and heaviness of the left leg and 
coldness affecting the right leg. The reflexes 
were accentuated, and a positive Babinski sign 
was noted. On January 20, 1958, he complained 
of numbness of the right leg up to the lev 
the waist with bilateral paresthesias of the legs 
and he was found to have foot drop on the left 
and a sensory level at the tenth thoracic seg- 
ment. By April, 1958 definite sensory level was 
present at the ninth thoracic segment with loss 
of pain and temperature perception in the right 
leg and increased reflexes. A positive Babinski 
sign was apparent on the left to a greater de- 
gree than on the right. Paraplegia affected both 
lower extremities. It should be noted that the 
lower margin of our field, as demonstrated by 


el of 


January, 1960 


I'1G. 1. (4) Normal vessel in normal spinal cord 
white matter (445, H. & E.). (B) Radia- 
tion changes in the spinal cord. Hyaline 
thickening of vessels with bizarre fibrocytes 
and endothelial cells. Dissolution of white 
matter (445, H. & E.). (C) Hyaline thick- 
ening of walls of vessel with obliteration of 
lumen, adjacent to region shown in B 
(445, phosphotungstic hematoxylin). 
(Photomicrographs courtesy of New Eng- 
land Deaconess Hospital, Department of 
Pathology.) 


was at the level of the sixth 
thoracic segment. This patient is now living, 
without evidence of malignant disease, three 
and one-half years following biopsy study of 
the metastatic cervical lymph nodes. 


roentgenograms, 


Case ut. A forty-two year old woman had 
undifferentiated carcinoma of the nasopharynx 
with metastasis to the cervical area. A dosage 
of 6,000 r was directed to two fields in the fifty- 
seven days between November 9, 1955, and 
January 6, 1956. The junction of the two fields 
was at staggered levels between the third and 
the fifth cervical segments. The bottom of the 
field was at the eighth thoracic segment. In 
July, 1956, six months after completion of 
roentgen therapy, she complained of pain and 
paresthesi as in the right jaw; these signs dis- 
appeared in a few weeks, however. In February, 
1957, thirteen months after completion of 
roentgen therapy, she complained of pares- 
thesias with tingling of the right leg and the 
left trunk up to the level of the eighth thoracic 
segment. Sensory level on the right was at the 
eighth thoracic segment with a positive Babin- 
ski sign on the right and weakness of the right 
leg. In June, 1957 she complained of severe 
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burning pain down the right leg, and sensory 
hypesthesia was present with loss of pain and 
temperature perception up to the seventh 
thoracic segment on the right. The reflexes were 
accentuated bilaterally, and positive Babinski 
signs were noted on both sides. Myelography 
and spinal fluid examination performed in 
November, 1957 
Neurologic signs have not increased since 1957. 
No evidence of recurrence of the malignant 
process is apparent three years after completion 
of roentgen therapy. 


showed no abnormality. 


Case 1v. This forty-six year old woman had 
a diagnosis of lymphoepithelioma of the naso- 
pharynx with metastases to the cervical lymph 
nodes. Two fields were treated with a total 
dosage of 6,000 r administered in the fifty-one 
days between May 9g and June 28, 1957. The 
junction of the two fields came at staggered 
levels between the fifth and seventh cervical 
segments and the bottom of the treatment field 
was at the level of the top of the eighth thoracic 
segment. This was one of the cases in which we 
attempted to shield the cord, and at the 4,500 r 
level the fields were changed so that the upper 
field did not include any of the cervical cord 
and the bottom half of the field, which was 
treated through opposing anterior and posterior 
portals, was set up with a cord protector con- 
sisting of 3 inches of lead. If 200 to 300 r are 
added to allow for scatter, the maximum dose 
was still below 4,800 r over a fifty-one day 
period. This patient’s course during and since 
treatment has been characterized by extreme 
dryness of the mucous membranes of the 
mouth and throat, and as a result she has ex- 
perienced difficulty in swallowing, poor appetite 
and some degree of emaciation. In February, 
1958 she complained of pain in the neck and 
across the shoulders and she was found to have 
accentuated reflexes and a positive Babinski 
sign bilaterally. No sensory changes were ap- 
parent. The esophagus was dilated in an effort 
to diminish the difficulty in swallowing, and she 
has continued to improve slowly in this regard. 
Spinal fluid studies revealed no block or other 
abnormality. In April, 1958 the reflexes of the 
upper extremities became notably accentuated, 
with bilateral Hoffmann sign, bilateral positive 
Babinski sign, and spasticity in both upper and 
lower extremities. She walks with a cane and is 
without evidence of disease two years after 
completion of roentgen therapy. 

It should be noted that the level of the myeli- 
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tis was at the fifth cervical segment which, in 
this case, comes at the point of junction of two 
fields. However, the area of overlap was stag- 
gered 2 cm. above and 2 cm. below the junction 
on alternate days, so we do not feel that overlap 
occurred. 

Case v. A fifty-nine year old man with car- 
cinoma of the lung was admitted with a recur- 
rent laryngeal nerve paralysis. A definite mass 
was found on bronchoscopic examination on 
November 22, 1950; no biopsy study was possi- 
ble, but the Papanicolaou smear was positive. 
He was given roentgen therapy alone and the 
entire thoracic cord area was included in the 
field. Between November 27 and December 9, 
1950, he was treated with 400 kv. roentgen rays, 
and a tissue dose of 1,000 r was administered in 
approximately fifteen days. Between January 
25 and March 2, 1951, an additional dose of 
approximately 5,000 r was given in thirty-six 
days with 2 mev. roentgen rays. The total over- 
all time from beginning to completion of both 
series of treatments was ninety-five days. 

In May, 1955, fifty months after completion 
of roentgen therapy, pain and edema of the 
left leg were noted, with rapidly developing 
weakness of both legs, accentuated reflexes, 
positive Babinski sign on the left, and a sensory 
level at about the ninth thoracic segment. A 
myelogram revealed no abnormality. Two years 
later, in April, 1957, complete spastic paralysis 
of the lower extremities developed. His last 
follow-up examination here was in June, 1958, 
more than seven years following completion of 
roentgen therapy. The paraplegia has not 
changed, but no evidence of recurrent or meta- 
static carcinoma is apparent. 

Case vi. This forty-one year old woman had 
epidermoid carcinoma, Grade 111, of the pos- 
terior cricoid area of the hypopharynx with 
cervical metastases. She was first treated sur- 
gically in 1949 and recurrent disease was pres- 
ent when we saw her in 1951. A dose of 6,000 r 
was administered by rotation to a single cervical 
field in the sixty-eight days between March 1 
and May 7, 1951. The entire cervical and the 
extreme upper thoracic areas of the cord were 
included in the field. Symptoms of paresthesia 
in the feet and legs began in April, 1953, 
twenty-four months after roentgen therapy. 
Symptoms were more ‘pronounced on the left 
than on the right side. In December, 1953, 
thirty-two months after roentgen therapy, posi- 
tive Babinski sign was noted bilaterally and 
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hypesthesias of both lower extremities were 
present. Spinal fluid examination showed no 
evidence of block and no other abnormality; 
myelography did not reveal any abnormality. 
She experienced some rectal and bladder in- 
continence and complained of difficulty in swal- 
lowing, which was probably the result of her 
disease. 

This patient died of recurrent carcinoma 
eight years after completion of the first roentgen 
therapy series which resulted in the myelitis. 
She was always able to get around with the use 
of a cane. 


Case vil. This forty-five year old man had 
Grade 11 epidermoid carcinoma of the lung, 
which was not resectable. In April, 1954 he 
had received a 2,000 r air dose anteriorly and 
2,000 r air dose posteriorly to the mediastinal 
area before coming to us for treatment. This 
should have constituted a tissue dose of at 
least 2,000 r. After exploration, a tissue dose of 
6,000 r was administered in the forty-nine days 
between June 22 and August 9, 1954 with a 
field covering the area from the sixth cervical 
to the twelfth thoracic segment. One month 
later herpes zoster developed at the level of the 
ninth thoracic segment on the right. This dis- 
appeared completely and no other symptoms 
appeared until May, 1957, thirty-three months 
after roentgen therapy here. He began com- 
plaining of pain in the mid-dorsal area, rapidly 
followed by pain in the right foot; foot drop 
developed on the right, and positive pyramidal 
signs appeared. These signs included loss of 
thermal sense on the left and loss of position 
sense with dragging of the right foot—a partial 
Brown-Séquard syndrome—ten days before ad- 
mission to a local hospital. Two or three days 
before admission he became unable to void or to 
defecate. On admission he had paralysis of the 
right leg with accentuated reflexes and _posi- 
tive Babinski signs bilaterally, loss of position 
and vibratory sense on the right and loss of pain 
and temperature perception on the left. On May 
28, 1957, a laminectomy was performed else- 
where. Meningitis developed and the patient 
died on July 2, 1957. 

The autopsy study, as reported to us, showed 
radiation myelitis affecting the spinal cord at 
the seventh thoracic segment. No evidence of 
metastatic disease or of residual disease from 
the primary lesion was apparent. 


Case vil. This fifty-eight year old man had a 
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carcinoma simplex of the right parotid gland 
with cervical metastases on the right. A surgical 
procedure was supplemented by roentgen 
therapy, treating two fields. A dosage of 6,000 r 
was directed to a right facial field and a similar 
dosage of 6,000 r to a right cervical field in the 
fifty-two days from May 3 to June 23, 1950. 
The junction of the two fields was approxi- 
mately at the level of the third cervical seg- 
ment, although no roentgenograms were taken. 
The subsequent level of myelitis was at this 
level of junction. In July, 1952, twenty-five 
months after completion of roentgen therapy, 
pain of a burning nature developed in the left 
leg, together with progressive weakness, loss of 
pain and temperature perception on the left 
side below the third cervical segment and loss 
of motor power on the right. The reflexes were 
accentuated; the Babinski sign was positive on 
the right, and a positive Hoffmann’s sign was 
present on the right also, with muscle weakness. 
The sensory level was at the third thoracic seg- 
ment. In January, 1953, thirty months after the 
completion of roentgen therapy, a cervical 
laminectomy was performed elsewhere. The 
cord was found to be normal in appearance, and 
no bone or soft tissue changes were seen in the 
operative field. Biopsy specimens of bone, the 
ligamentum flavum, the dura, skin and muscle 
were removed, and no significant changes were 
found. The cord, of course, was not studied in 
this manner. 

Neurologic findings in this case included 
diminished pain and temperature sensation on 
the left side below the third cervical segment, 
right hemiparesis, pain on the right side, and 
some bladder incontinence. Position and touch 
sensations were normal. He died on July 13, 
1956, a little more than six years following com- 
pletion of roentgen therapy, without clinical 
evidence of recurrent disease. 


Case 1x. This fifty-four year old man had 
had a lobectomy of the right upper and middle 
lobes for carcinoma of the lung on September 4, 
1953, at the age of fifty-one. Two years later 
the disease recurred, and the right lower lobe 
was removed on October 17, 1955. Because of 
residual disease in the mediastinum, roentgen 
therapy in a dosage of 6,000 r was administered 
in the fifty-four days from November 14, 1955 
to January $, 1956. 

In January, 1958, two years after completion 
of roentgen therapy, he complained of pain in 
the mid-thoracic area and paresthesias of the 
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right leg. By April, 1958, loss of pain and tem- 
perature perception had occurred in the right 
lower extremity, and weakness with a positive 
Babinski sign was noted on the left. The sensory 
level was at the fourth thoracic segment. 

Exploratory operation was performed here, 
and at laminectomy no tumor was found at this 
level. The paraplegic symptoms gradually in- 
creased, and he died in November, 1958. No 
gross evidence of carcinoma was found at au- 
topsy. 


Case x. This thirty-nine year old man had 
undergone right pneumonectomy on January S, 
1951, for epidermoid carcinoma, Grade 111, with 
metastasis to two of eight regional lymph 
nodes. The microscopic study showed tumor 
cells at the margins of the resected specimen 
and roentgen therapy was therefore adminis- 
tered postoperatively. An average dose of 6,000 
r was given in forty-nine days from March 26 
to May 14, 1951, with a field including the en- 
tire dorsal cord. Migrating polyarthritis devel- 
oped in October, 1951, but he recovered suffi- 
ciently to return to work in December, 1952. 

A minor injury while at work was described 
by the patient as a blow in the groin on two 
occasions in December, 1952. A short time later 
he noted numbness, stiffness and weakness of 
the left lower leg which gradually increased. In 
March, 1953, loss of pain and temperature per- 
ception occurred in the right leg and weakness 
was noted primarily in the left leg. The motor 
function was definitely impaired in the left 
lower extremity but remained fairly normal in 
the right; impaired pain and temperature sensa- 
tion in the right leg and trunk up to the level of 
the ninth thoracic segment was noted. Reflexes 
were accentuated, with ankle clonus on the left, 
and positive Babinski sign bilaterally, but no 
pain. Roentgenologic study revealed no evi- 
dence of metastatic disease. The symptoms 
seemed to decrease slightly, but he died very 
suddenly on May 17, 1953. His local physician 
thought that death was caused by coronary 
thrombosis, but autopsy permission was not 
granted. 

It should be noted that the symptoms began 
approximately twenty months following com- 
pletion of roentgen therapy. 


DISCUSSION 


Of the 5 patients who have died, 2 with 
lung cancer were paraplegic; the patient 
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with the parotid tumor was partially 
paralyzed and lived for four years after the 
onset of myelitis; the fourth patient, who 
also had lung cancer, died six months after 
the onset of myelitis with the cause of death 
attributed to embolism, and the fifth pa- 
tient, who had a postcricoid tumor, died 
recently of recurrent carcinoma five years 
and nine months after the onset of myelitis. 
She was spastic but not paralyzed. One of 
the paraplegic patients who had had lung 
cancer died of meningitis following explor- 
ation of the spinal cord. 

Five patients are still alive. Three men 
are paraplegic and are alive one and one- 
half years, three years and seven and one- 
half years, respectively, after the onset of 
myelitis. Two of the 5 survivors are women 
who did not become paraplegic although 
spasticity developed; they are able to walk 
with the aid of a cane and are living one and 
one-half years and two years, respectively, 
after the onset of myelitis. 

It should be noted that the symptoms of 
radiation myelitis were slow in appearing. 
The shortest interval from the completion 
of roentgen treatment to the development 
of myelitis was seven months, and the long- 
est fifty months. The average interval be- 
tween the completion of roentgen treat- 
ment and the development of myelitis was 
well over twenty-three months. 

The clinical symptoms of radiation 
myelitis are similar to those of other types 
of myelitis. Paresthesias affecting one or 
both upper or lower extremities and, oc- 
casionally, pain are the most frequently 
occurring symptoms. Radiation myelitis 
may occur acutely or the onset may be 
very gradual over a period of months with 
weakness and sometimes spasticity devel- 
oping in one lower extremity or in both, 
frequently followed by or accompanied by 
subjective sensory alteration and finally by 
sensory levels in the thoracic or cervical 
spine, along with definite evidence of long 
tract involvement of both the sensory and 
motor pathways, and in some instances the 
posterior columns. A fairly frequent clinical 
finding in this group was the development 
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of a so-called partial Brown-Séquard syn- 
drome, with motor weakness and _ pyra- 
midal tract signs in one lower extremity 
and alteration in sensory perception (par- 
ticularly of pain and temperature) in the 
opposite extremity. In half of the cases, the 
disorder advanced to the point of either 
paraplegia or quadriplegia, depending upon 
the location of the damage to the spinal 
cord. 

Not included in this series are patients 
who have experienced transient paresthe- 
sias affecting the upper or lower extremities 
and in whom neurologic signs did not de- 
velop. As a group, these transient manifes- 
tations have been observed in the patients 
with thyroid carcinoma. Approximately 
208 patients with thyroid carcinoma have 
been treated here through 1957. Not un- 


commonly, the patient will complain of 


vibratory or electric shock-like sensations 
in the back and in any of the extremities; 
these have tended to occur approximately 
three months after completion of roentgen 
therapy, and so far all of them have cleared 
within another three months. It should be 
noted that these patients have all received 
a dose of 4,800 r in a treatment period of 
approximately five and one-half weeks. 

The exact number or percentage of this 
occurrence is not known, since it is neces- 
sary to question the patient directly about 
these symptoms in many instances. These 
transient paresthesias have been noted in a 
few cases of breast carcinoma in which 
postoperative treatment to a dose of 6,000 
r was carried out. It is of interest that in the 
treatment of patients with breast cancer, 
we utilize a scanning method for the chest 
wall and most of the axilla, and the cord is 
exposed only in an area above the level of 
the fifth thoracic segment. The relation of 
the vascular supply of the cord to different 
cord levels will be discussed subsequently. 
Two of the Io patients in the present series 
had such paresthesiasof the armsand hands, 
and these tended to disappear long before 
the signs and symptoms of myelitis ap- 
peared at a different spinal cord level. It is 
well known that paresthesias occur in other 
demyelinizing disorders, such as multiple 
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sclerosis, in patients with generalized 
debility and anemia, and in patients with 
circulatory or peripheral nerve disorders. 
These subjective sensory disturbances are 
nonspecific, and although we may speculate 
regarding their relationship to the roentgen 
treatment, we still have no definite path- 
ologic evidence of such relationship. 

It has been reported,’ in another series of 
161 patients receiving radiation to the 
cervical cord, that radiation myelitis de- 
veloped in 10. Progression with definite 
neurologic signs of myelitis was evident in 
only 6 of these, however, and the remaining 
4 experienced transient paresthesias that 
eventually subsided. It is evident from this 
series that in patients with transient 
paresthesias, the signs developed much 
sooner after completion of treatment than 
in the patients who eventually manifested 
definite signs of myelitis. This would tend 
to agree with our experience except that 
the interval was longer, averaging about 
two years for development of myelitis in our 
series as compared to one year in Boden’s 
report.® 

In another series’ reported in 1948, 3 of 
180 patients with metastatic carcinoma of 
the testis who had received dosages ranging 
from 5,000 to 6,000 r delivered to the lum- 
bar and sacral retroperitoneal lymph nodes 
manifested signs of flaccid weakness with 
loss of reflexes in the legs, muscular atrophy 
and sphincteric difficulties with no sensory 
level or definite sensory change. These 
symptoms developed within three to five 
months after the completion of radiation 
therapy. No pathologic report in- 
cluded, although it is assumed that the 
anterior motor horn cells were affected. 

In his general discussion of radiation in- 
jury following treatment of cancer of the 
testis, Friedman‘ reported that spinal cord 
damage occurred with tissue doses higher 
than 5,000 r, as shown in Table 11. 

It is evident in each of these series of pa- 
tients, including our own, that actual evi- 
dence of damage to the central nervous sys- 
tem develops in only a very small number 
of patients who receive similar exposure 
to radiation. We may assume that indi- 
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TABLE II* 


SPINAL CORD INJURY 


Tissue Dose 


Spinal Cord Injury 


Incidence 


Total No. 


of Injury 

Mild Moderate Severe Potal (per cent) 
§,000 to §,999 r 2 I 2 § 43 12 
6,000 to 6,999 r 2 I I 4 46 g 
7,000 r and over 11 9 
Totals 10 


* Taken from M. Friedman: Calculated Risks of Radiation Injury of Normal Tissue in the Treatment of Cancer of the Testis. Pro- 
eedings of the Second National Cancer Conference, American Cancer Society, Inc., 19%4. 


vidual sensitivity to radiation is a factor, 
but this is very poorly understood. Hicks 
et al.® have stated “‘the intensity of radia- 
tion, that is, the time in which the dose of 
radiation was given, emerged as the im- 
portant factor in determining the severity 
of damage to nervous tissue.” In_ their 
experience, death occurred instantaneously 
in mice when dosages of 100,000 rep were 
administered. If the medulla was shielded, 
death did not occur instantaneously, which 
of course suggested the sparing of the 
regulatory mechanisms for vital function 
in the animal. 

In our series of 10 patients in whom radi- 
ation myelitis developed, it would appear 
evident that the generally favorable re- 
sponse of the malignant lesions to super- 
voltage roentgen therapy undoubtedly pro- 
longed their lives. This prolongation of life 
in itself appears to be a factor in the number 
of patients who later had radiation myelitis. 
It seems probable that radiation myelitis 
might have developed in more patients had 
they survived long enough, since 152 lung 
cancer patients with an average survival 
time of 11.3 months are included in our 
group of treated patients. This, of course, 
is not the complete answer, since most pa- 
tients receiving supervoltage roentgen 
therapy survived for more than one year, 
and many for over five years, vet signs and 
symptoms of radiation myelitis have not 
as yet appeared. 

This naturally raises the question of how 
roentgen rays affect the central nervous 
system and other tissues. The effects of 


radiation on the central nervous system 
and other tissues of the body seem to be 
well These studies dem- 
onstrated two types of injury: the one 
ordinarily seen is blood vessel damage, and 
the other is destruction of the parenchyma, 
independent of vascular damage. The 
peripheral nerves of the rat were found to 
be resistant to radiation in dosages of 
10,000 to 20,000 r.!° Hicks® has found that 
the spinal cord was rarely damaged at dose 
levels of less than 3,000 r in embryonic 
animals. As early as 1934, Leboucq" re- 
ported that radiation of 1,000 to 4,000 r 
hindered myelinization and eventually re- 
sulted in complete destruction of neurons 
in the newborn rat. He concluded that the 
adult nervous system was relatively radio- 
resistant and that the embryonic nervous 
system was radiosensitive. 

In 1943, Warren” stated, “vascular oc- 
clusion may be a serious complication of 
radiation therapy, whereas primary de- 
struction of nerve tissue is ordinarily 
slight.”” It is well known that a focal expo- 
sure of the brain or spinal cord to a dose of 
radiation incapable of actually destroying 
the parenchyma may some months later re- 
sult in a vascular occlusion. 

Hicks* has stated that the roentgen-ray 
dosage necessary to produce acute vascular 
change is not known. It is known, however, 
that with an accumulated roentgen-ray 
dosage of 3,000 to 4,000 r, hyaline thicken- 
ing of the connective tissue of the vessel 
walls becomes evident, “‘varying degrees of 
proliferation and hyalinization of connect- 
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ive tissue may be seen, and it is probable 
that, as elsewhere in the body, the process 
begins to develop a few weeks after 
radiation.” Such vascular thickening is, in 
itself, difficult to differentiate from certain 
forms of arteriosclerosis, but two distin- 
guishing features may accompany it and 
help to establish the diagnosis of radiation 
damage. One is the enlargement and swell- 
ing of some of the endothelial cells, even at 
this late date. The other, and the really 


characteristic sign, is the appearance of 


“radiation fibroblasts,’® which are so 
prominent in the heavily irradiated con- 
nective tissue of other organs. These 
bizarre cells may be spindle-shaped, stel- 
late, or have forked processes. The nuclei 
are large and are sometimes lobulated or 
multiple. Figure 1 illustrates the condition 
in Case I in our series. 

It would appear likely that the spinal 
cord damage in this group of Io patients 
with postradiation myelitis was related to 
vascular occlusion and in Case I trauma 
seemed to be the precipitating factor. It 
may be noted in Table 1 that 7 of the 10 pa- 
tients suffered damage to the spinal cord in 
the mid-thoracic area, while the damage 
was at the cervical cord level in 3. It is well 
known! that the mid-thoracic cord nor- 
mally has a poorer blood supply than 
either the cervical or lumbar areas, so that 
if the existing blood supply is damaged the 
chance for the development of disability is 
greater. That the thoracic cord is more sus- 
ceptible to injury is well illustrated by 
Adams and van Geertruyden’ in their 
article on neurologic complications of aortic 
surgery. On the other hand, it is evident 
(Case Iv, v1, and vit) that vascular occlu- 
sion may occur in the cervical cord with 
clinical evidence of myelitis, despite the 
relatively richer blood supply. The spinal 
cord damage in each instance definitely oc- 
curred'in the field of irradiation. 

Two of the cases are worthy of special 
mention. In Case 1, overlapping of the two 
fields may well have occurred. This case 
was early in our experience, and since then, 
whenever adjoining fields have been 
treated, we have used horizontal abutting 
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margins and, in addition, have staggered 
the point of overlap above and below the 
junction point on alternate days. Case Iv is 
of interest because this patient was treated 
early in 1957, and we were just beginning 
to protect the cord in all cases when the 
dose reached 4,000 or 4,500 r. Temporary 
aortic occlusion during operations on the 
aorta has been followed by spinal cord dam- 
age in some cases. Adams and van Geer- 
truyden! stated that the apparent resist- 
ance of some individuals to ischemic dam- 
age is explained by the extreme variation 
in the segmental pattern of the vascular 
supply to the spinal cord. Temporary oc- 
clusion below the level of the renal pedicles 
is not accompanied by spinal cord damage 
because there is either an absence of in- 
frarenal blood supply to the cord or, if a 
vessel is present, there is a constant col- 
lateral supply from the low thoracic area. 

It would appear that the type of malig- 
nant disease has no direct bearing on the 
occurrence of radiation myelitis. The fac- 
tors of importance in the development of 
myelitis would seem to be the dosage of 
radiation, the rate or intensity of applica- 
tion, and shielding or the failure to shield 
the cord, plus a very important individual 
sensitivity factor, about which little is 
known. 

The only way to avoid cord damage is to 
see that this structure does not receive an 
overdose. Early in 1957 we began to shield 
the cord in all patients receiving dosages of 
more than 4,500 r. This protection was 
utilized in Case 1v. This patient experi- 
enced early and severe dryness of the 
mucous membranes, and subcutaneous 
fibrosis of unusual degree was noted in the 
cervical area. Thus, we consider this case 
an example of relative sensitivity to radi- 
ation. Since the spring of 1958, an inter- 
posing rotating protecting rod of either 
gold or lead has been used on all rotating 
fields where the cord dose would be ex- 
pected to reach 4,000 r or more." 


SUMMARY AND CONCLUSIONS 
Ten cases of radiation myelitis have been 
presented. Five of these patients are still 


83, No. 1 


living; 3 men are paraplegic, one and one- 
half to seven and one-half years later, and 
2 women have spasticity with some in- 
capacitation twenty-one months to two 
years later. 

Five patients have died. One of these 
died of meningitis following surgical ex- 
ploration of the cord and in a second pa- 
tient the condition was aggravated by ex- 
ploration, and death occurred ten months 
later. A third patient died of embolism 
(clinical diagnosis). The fourth death oc- 
curred four years after the onset of myelitis 
with hemiplegia and gradual deterioration, 
and the fifth patient died recently of re- 
current carcinoma seven and_ one-half 
vears after roentgen treatment of a post- 
cricoid lesion with metastases. 

Except for the one recent death from re- 
current carcinoma, the above patients have 
remained free of malignant disease. With 
the expectation of longer survival after 
roentgen therapy for malignant disease, 
more attention must be directed to protec- 
tion of vital structures. 

Our primary purpose in presenting these 
cases is to sound a warning to those who 
are as yet inexperienced in the use of super- 
voltage therapy. The increased depth doses 
made possible by supervoltage radiation 
make it mandatory that the radiotherapist 
be aware of the dangers of overlap of fields 
and also of the danger inherent in giving 
large dosages with single fields because it 
can be done with relatively little morbidity 
during the treatment period. We are cur- 
rently interested in protecting other vital 
structures such as the medulla, the eyes 
and the kidneys. 

John B. Dynes, M.D. 
Department of Neuropsychiatry 
The Lahey Clinic 

Boston, Massachusetts 
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RADIATION NEPHRITIS* 
REVIEW, CASE REPORT AND ANIMAL STUDY 
By BRYAN L. REDD, Jr., M.D.+ 


ATLANTA, GEORGIA 


UE to the more frequent use of mega- 

voltage radiation therapy equipment, 
malignant tumors and adjoining normal 
structures deep within the body are being 
treated to much higher doses than were 
previously possible with orthovoltage 
equipment. In an effort to determine the 
tolerance of some of the normal tissues that 
may be heavily irradiated in the upper ad- 
domen, an animal experiment using New 
Zealand white rabbits was designed. The 
object of this experiment was to determine 
the renal tolerance to irradiations of various 
qualities. 


HISTORICAL REVIEW 


Soon after the discovery of roentgen rays 
by Professor Wilhelm Conrad Ro6ntgen, 
there were many reports of tissue effects 
caused by the new form of radiation. 
Linser and Baermann (1904), exposing the 
kidneys of rabbits for one hour, produced a 
transitory albuminuria but no identifiable 
microscopic change in the renal epithelium. 

Buschke and Schmidt (1905),° working 
with guinea pigs and rabbits, irradiated the 
kidneys after transplanting them sub- 
cutaneously. Exposure periods from five 
minutes to two hours resulted in production 
of albuminuria, but no pathologic changes 
in several animals. Two animals surviving 
forty-five and fifty-six days after irradia- 
tion had definite histologic changes. 

Schulz and Hoffman (1905) who ob- 
served microscopic changes occurring one 
hour to forty-eight days following irradia- 
tion, found early changes of hemorrhage 
and transudation and later changes of tubu- 
lar destruction and increased interstitial 
tissue resembling the picture of an early 
“chronic interstitial nephritis.” 


*p 


Edsall (1906)? cautioned that in ‘“‘those 
patients who already have nephritis or 
those whose kidneys are under special 
strain, x-ray exposure should be guardedly 
used or excluded.” 

Rosenstern (1906) and von Jaksch 
(1907)"* reported the presence of albumin 
in the urine of patients receiving roentgen 
therapy. 

Edsall and Pemberton (1907)! noted 
marked nitrogen retention in patients and 
in experimental animals following the ex- 
posure of the kidney to roentgen rays. 

Warthin reported clinical ob- 
servation of nephritis following irradiation 
for leukemia with resulting deposits of lime 
salts, atrophy, fatty degeneration and in- 
crease in intertubular connective tissue in 
the kidney. 

Hall and Whipple (1g919),*! Stephan 
(1920),°" and McQuarrie and Whipple 
(1922)°" observed transitory decrease in ex- 
cretory function of the kidney immediately 
following irradiation but found no micro- 
scopic evidence of renal damage, and thus 
concluded that roentgen rays did not pro- 
duce nephritis. 

Martin and Fisher (1924),°! while study- 
ing roentgen ray effect on the adrenal 
glands in dogs, noted microscopic changes 
in the kidney suggestive of “interstitial 
nephritis.” 

O’Hare, Altnow, Christian, Calhoun and 
Sosman (1926) suggested the use of roent- 
gen rays to produce an_ experimental 
chronic nephritis with hypertension for 
evaluation of various therapeutic agents in 
the management of hypertension. 

Hartman, Bolliger and Doub (1926 and 
1927),°**** using dogs as the experimental 
animal, devised a series of experiments for 
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evaluating renal function following single 
and multiple doses of roentgen therapy. 
They were able to produce renal insuffici- 
ency resembling chronic interstitial nephri- 
tis in man and noted that no single renal 
function test is reliable to denote the ex- 
tent of renal injury. The pathologic 
changes produced involved all renal struc- 
tures and were tubular, interstitial, vascu- 
lar and glomerular in order of severity. 

Doub, Hartman and Bolliger (1927) 
reported 2 clinical cases of nephritis which 
developed during or after roentgen therapy 
to the upper abdomen. An analysis of 208 
replies to a questionnaire sent to 400 roent- 
genologists and pathologists disclosed 16 
cases of chronic nephritis following irradia- 
tion. 

Gabriel (1926),27 Tsuzuki (1926), 
Domagk (1927), and Willis and Bachem 
(1927),’’ all observed pathologic changes in 
the kidneys following roentgen therapy, 
and the progressive nature of these changes 
was noted. The tubules were more severely 
damaged with abundant connective tissue 
formation and obstruction of small arte- 
rioles, while glomeruli were relatively well 
preserved. 

Domagk (1927) reported the first case 
of fatal renal damage, occurring in a nine 
vear old girl who received a large dose of 
radiation for mesenteric lymphadenitis. 
Severe skin reaction was produced with the 
appearance of albuminuria and casts in the 
urine. This was followed by symptoms of 
renal failure and death six months later. 

Bolliger and Laidley (1930),° Bolliger 
and Earlam (1930), and Earlam and 
Bolliger (1931 and 1932)!*'* reported on a 
series of animal experiments designed to 
produce a standardized chronic nephritis 
for diagnostic and therapeutic research 
purposes. 

Desjardins (1934)' considered the kid- 
ney to be moderately responsive to radia- 
tion, 7.e., less sensitive than lymphoid 
tissue, skin or liver but more sensitive than 
muscle and nerve tissue. 

Impiombato (1935)*° classified the kid- 
ney as a relatively insensitive organ on the 
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basis of radiation studies using rabbit kid- 
neys. 

Page (1936) produced typical nephritis 
in dogs after exposures of 5 to 7 erythema 
doses to each kidney. The kidneys became 
progressively smaller with elevated urea 
nitrogen and hyaline necrosis of Henle’s 
loops, and increased interstitial connective 
tissue, edema and thickening of capillary 
vessels. 

Munger (1937),°4 using preoperative and 
postoperative irradiation of malignant renal 
neoplasms, noted the occurrence of transi- 
tory hematuria, albuminuria and casts in 
several patients. 

Elward and Belair (1939)” regarded the 
epithelium of the kidneys to be less sensi- 
tive to radiation injury than that of the 
skin, lung or liver, but more sensitive than 
endothelial cells or connective tissue cells. 

Mertz, Howell and Hendricks (1941)* 
found characteristic microscopic changes in 
uninvolved portions of kidneys receiving 
intensive radiation therapy for renal neo- 
plasms. 

Dean and Abels (1944)" reported the 
development of hypertension eight years 
after intensive irradiation of a mass in the 
left upper abdomen. The removal of a 
shrunken left kidney resulted in correction 
of the hypertension. 

Lacassagne (1946)*° observed atrophic 
lesions in kidneys of mice 300 to 616 days 
post-roentgen therapy. Uriniferous tubules 
were destroyed with limited influence on 
glomeruli. 

Casarett (1948)’ reported the occurrence 
of progressive renal lesions in rats due to 
vascular changes produced by intravenous 
injections of polonium. 

Zuelzer, Palmer and Newton (1950)*° 
described an unusual glomerulonephritis in 
3 young children who received roentgen 
therapy to the upper abdomen and sug- 
gested that their renal failure was due to 
radiation nephritis. 

Warren, MacMillan and Dixon (1950)* 
observed minimal cellular changes in tubu- 
lar epithelium of mice receiving 25 and 
250 uc of P*. None of the animals receiving 


go 


2 me lived long enough to develop renal 
changes. 


Paterson (1952),°® Kunkler, Farr and 
Luxton (1952),°° Luxton (1953)*7 and 
Russell (1953) reported the largest and 


most detailed clinical and pathologic study 
on a group of patients developing radiation 
nephritis following treatment by roentgen- 
ray bath to the abdomen for testicular 
tumors. They stressed the hazard of treat- 
ing the whole of both kidneys to a dose ex- 
ceeding 2,300 r in five weeks or less. 

Davey, Hamilton and Steele (1952)" 
described a case of renal injury following 
repeated courses of roentgen therapy to 
metastatic disease in the lumbar spine 
secondary to carcinoma of the breast. 

Bennett, Chastain, Flint, Hausen and 


Lewis (1953),” while studying the effects of 


anoxia on tolerance of rats to total body 
irradiation, observed the occurrence of 
nephrosclerosis i in all animals surviving 100 
days or longer after 1,000 r. Four of 10 ani- 
mals receiving 500 r in air showed hyper- 
tension at 247 days postirradiation. 

Mendelsohn and Caceres (1953)°*” studied 
roentgen-ray effects on renal function in 
dogs, and found that the tubular excretion 
of para-aminohippurate was promptly de- 
pressed in proportion to the dose given, 
with a slow recovery toward normal. 

Upton and Furth (1954)” reported the 
development of nephrosclerosis in 40 to 50 
per cent of animals surviving fifteen months 
after 630 r irradiation by nuclear detona- 
tion. The process was always bilateral with 


diffuse interstitial fibrosis and atrophy of 


kidneys. 

Grossman (1955)*° completed a detailed 
review of the literature and reported a 
case of a nine month old infant receiving 
preoperative and postoperative irradiation 


to the upper abdomen in the treatment of 


Wilms’ tumor of the left kidney. The child 
died of renal failure 
months from the start of radiation treat- 
ment. The estimated dose to the kidney was 
2,000 r in approximately three weeks. 
Smith and Williams (1955)** reported 


a case of a three year old boy who received 
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four and one-half 
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a roentgen-ray bath to the abdomen after 
a left nephrectomy for nephroblastoma. 
Renal failure, uremia and death occurred 
four months after an estimated dose of 
3,300 r to the abdomen in forty-six days. 

Anapol and Glaubeck (1956)! demon- 
strated marked renal changes in mice which 
survived six to thirteen months after 600 r 
whole body irradiation. 

Levitt and Oram (1956) reported a case 
of a thirty-three year old male who de- 
veloped a mass in the upper abdomen sec- 
ondary to seminoma of the left testis. Ap- 
proximately 3,000 r to the left kidney was 
given in May and June of 1943, producing 
complete regression of the mass. Eleven 
vears later the patient developed severe 
headaches, visual difficulties, and a blood 
pressure of 215/130. Left nephrectomy re- 
sulted in reduction of the blood pressure to 
normal range and the disappearance of 
headaches and visual difficulties. 

Hallcraft et a/. (1957)** observed nephro- 
sclerosis in all mice surviving goo r total 
body roentgen irradiation when the spleen 
was protected, or when cysteine was given 
before treatment during anoxia. 

Kreyberg and Devik (1957)** observed 
histologic changes in the spleen and kid- 
neys of mice which received subcutaneous 
implantation of polonium in dosage ranges 
of 7 to 8.5 mc/kg. The total dose to the 
renal cortex was estimated to be in the 
order of 10,000 rep with a smaller dose to 
the spleen. Serial studies demonstrated the 
spleen to undergo decrease in size, with 
loss of lymphocytes and hemopoietic cells. 
Later there were regeneration and hyper- 
plasia with return of the spleen to normal 
size. The kidneys showed slow progressive 
atrophy with fibrosis, hyalinization of 
glomeruli, progressive degeneration and 
atrophy of renal parenchyma and tubular 
epithelium with interstitial fibrosis. No 
evidence of regeneration was noted. 

Levitt (1957) reported a case of a 
thirty-one year old female with osteogenic 
sarcoma of the spine who received roentgen 
therapy to the spine from Dg to L3. A dose 
of 3,000 r was given in seven weeks. Eight 
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months later, marked hypertension de- 
veloped, and the patient died twelve 
months after the beginning of roentgen 
therapy. Histologically, there was great 
intimal thickening of small vessels, with 
marked glomerular damage and tubular 
degeneration. 

Smith and Boss (1957)** conducted de- 
tailed studies of the effect of roentgen ir- 
radiation on the renal function of rats. 

Sullivan and Takahashi, (1957),’° who 
performed studies on 2,024 children exposed 
to the atomic blast within 2,500 meters of 
the hypocenter and 1,970 control children, 
found no statistical difference in the in- 
cidence of nephritis or urinary abnormali- 
ties between the two groups. 

Zeigerman, Tulsky and Makler (1957)*° 
reported a case of a seventeen year old girl 
who developed nephritis after roentgen 
therapy to the entire abdomen for serous 
cystadenocarcinoma of the ovary. Four 
courses were given over a period of twenty- 
three months with an estimated dose to the 
kidney of 5,500 r. 

Cogan and Ritter (1958) reported a 
forty-nine year old female receiving ab- 
dominal irradiation for adenocarcinoma of 
the ovary. The calculated kidney dose was 
1,750 r. Urinary findings and percutaneous 
biopsy of the kidney suggested changes of 
radiation nephritis. In another of their 
cases, a thirty-five year old female receiving 
abdominal irradiation for carcinoma of the 
ovary, the dose to the kidney was 2,000 r. 
Elevated blood urea nitrogen, urinary 
findings and percutaneous biopsy suggested 
radiation nephritis. A third case was a 
fourteen month old male, who received 
roentgen-ray therapy to the left suprarenal 
region for neuroblastoma. A dose of 2,650 r 
to the kidney was given preoperatively. 
The kidney was normal at operation. Post- 
operatively, 2,650 r was given to the kid- 
ney. A left nephrectomy three months 
later showed advanced renal sclerosis. 

Wilson, Ledingham and Cogen (1958)’° 
reported a case of a thirty-five year old fe- 
male with a mass in the left upper quadrant, 
which was diagnosed as carcinoma of the 
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pancreas. A roentgen-ray bath to the up- 
per abdomen consisted of 3,000 r in thirty- 
five days. The patient developed signs of 
uremia and died suddenly eight years after 
roentgen treatment. Histologically, the 
findings indicated radiation nephrosclerosis. 
In another case, a twenty-seven year old 
male who had a roentgen-ray bath to the 
abdomen for seminoma of testis, 3,000 r was 
given in thirty-six days. This patient died 
of malignant hypertension less than one 
year after the roentgen therapy. The 
authors designed animal experiments to 
evaluate the effect of irradiation on kidney 
tissue only. Irradiation of both exteriorized 
kidneys in rats caused hypertension after a 
latent period of four to seven months and 
histologic changes of renal sclerosis. Ir- 
radiation of one kidney only (after exte- 
riorization) caused sclerosis of that kidney 
and systemic hypertension. The nonir- 
radiated kidney enlarged and showed 
merely the histologic changes due to sys- 
temic hypertension. Irradiation of both 
kidneys im situ caused hypertension and 
renal sclerosis. The authors concluded that 
irradiation of the kidney had two biologic 
effects: (1) interstitial fibrosis and (2) hy- 
pertension. These may develop together or 
separately. 

Lamson, Billings, Ewell and Bennett 
(1958) made additional reports on the 
occurrence of nephrosclerosis and hyper- 
tension in Wistar rats surviving 1,000 r 
hypoxic total body irradiation. The preva- 
lence of nephrosclerosis in 6 experimental 
groups of animals surviving seven to 
twenty-four months ranged from g per cent 
to 65 per cent. These authors observed the 
development of hypertension in animals 
with unilateral nephrectomy, which were 
given a I per cent sodium chloride solution 
in lieu of tap water, and also nephrosclero- 
sis indistinguishable from the nephrosclero- 
sis following total body irradiation. They 
suggested that nephrosclerosis is not a 
unique radiation-induced lesion but a 
sequela of radiation-induced hypertension. 

Scherer and Vogell (1958) using an 
electron microscope observed modifications 
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of the mitochondria of the liver and kidney 
cells following total body irradiation of 
mice, which suggests that these are radio- 
sensitive tissues. 

Schreiner and Greendyke (1959) re- 
ported the case of an eleven year old boy 
receiving roentgen-ray bath to the abdo- 
men for management of a teratocarcinoma 
of the right testis. The estimated minimal 
dose was 4,000 r in twenty-six days. The 
patient died of renal failure eight months 
after the start of roentgen therapy. 

The early experimental work on radia- 
tion nephritis was conducted prior to the 
use of accurate methods of measuring the 
intensity of the irradiation or its distribu- 
tion in tissue. Therefore, the irradiation 
tolerance of the kidney was not accurately 
established until the excellent clinical re- 
view by Paterson (1952),°* and Kunkler, 
Farr and Luxton (1952).** In most of the 
animal experiments, the irradiation was 
given as a single exposure of low quality 
resulting in nonhomogeneous exposure of 
the kidney. 

The wide variation in tissue tolerance to 
single large doses of radiation versus mul- 
tiple smaller fractionated exposures has 
been documented in the observation of 
skin reaction.!749 It was, therefore, thought 
that the kidney’s tolerance to irradiation 
and the resulting histologic changes could 
be better evaluated by fractionating the 
irradiation over a longer period of time, 
comparable to the method used in clinical 
radiation therapy. The following animal 
study was conducted. 


ANIMAL STUDY 


The rabbit was chosen for the experi- 
mental animal because of its availability, 
uniformity of size, and ease of handling. 
The object of these studies was to deter- 
mine the effect of various qualities of ir- 
radiation (250 kv. roentgen rays and gamma 
rays of cobalt 60) on the rabbit kidney. 
The animals were observed during the pre- 
treatment period, during which base line 
blood pressure readings, blood urea nitro- 
gen determination, weights and retinal 
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photographs were obtained. The animals 
were assigned to five groups: controls, bi- 
lateral iv situ irradiation of kidneys with 
each quality of irradiation, and unilateral 
in situ irradiation of the left kidney only 
with each quality of irradiation. 

Treatment Technique. The animals were 
secured to animal boards by the use of 
leather straps around each extremity, the 
animal being fully extended in the prone 
position. The position of each kidney was 
identified by gentle palpation through the 
abdominal wall. Treatment fields measur- 
ing 6X4 cm. were centered over each kid- 
ney in an effort to reduce the total volume 
of tissue irradiated. Each animal was 
treated daily five days per week for three 
weeks, thus fractionating the total dose 
over a time interval comparable to periods 
used in clinical radiation therapy. 

The animals were divided into four 
study groups: those receiving 4,000 r tissue 
dose to both kidneys with (1) roentgen 
rays generated at 250 kv., half value layer 
2.7 mm. Cu and (2) gamma rays from a 
telecobalt therapy unit, and those receiving 
5,000 r tissue dose to the left kidney only 
by each quality of radiation. 

Observations. All surviving animals were 
observed during the next nine months with 
periodic blood pressure, blood urea nitrogen 
and weight determinations, and fundu- 
scopic examinations. 

During the period of observation, several 
animals died of combat injuries, thus prov- 
ing that these animals should be housed 
separately, one animal per cage. Of the 
surviving animals receiving irradiation to 
both kidneys, all developed uremia. This 
appeared earlier and was more severe in 
the group treated by roentgen rays, prov- 
ing fatal to 3 of the animals during the 
third and fourth months of observation. 
The group treated by the telecobalt unit 
developed uremia later and more slowly. 

None of the animals receiving unilateral 
irradiation developed uremia. 

Unequivocal, persistent hypertension 
was not observed in this study group even 
though marked shrinkage of unilaterally 
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treated kidneys occurred. Frequent oph- 
thalmoscopic examination failed to reveal 
detectable changes in the retinal vessels. 
A more detailed discussion on this animal 
study will be reported elsewhere.” 


RENAL FUNCTION STUDIES AFTER IRRADIATION 
IN EXPERIMENTAL ANIMALS 


Changes in renal function were noted by 
many of the early workers. Albuminuria 
was observed by Linser and Baermann 
(1904)** and Buschke and Schmidt (1g05)° 
in experimental animal studies. Nitrogen 
retention was found by Edsall and Pember- 
ton (1907).”! Transitory decrease in excre- 
tory function of the kidney was reported 
by Hall and Whipple (1919),*! Stephan 
(1920),° and McQuarrie and Whipple 
(1922).°° 

The earliest and most comprehensive 
study of renal function was conducted by 
Hartman, Bolliger and Doub (1927).*4 
These authors subdivided the posttreat- 
ment period into an (1) acute stage, (2) 
subacute stage and (3) chronic stage. (1) 
In the acute stage (the first seven days 
after treatment), the specific gravity is 
unchanged, albumin is present ranging 
from 10-80 mm./100 cc., red blood cells 
and moderate to numerous coarsely granu- 
lar and hyaline casts are found. Phenol- 
sulfonphthalein excretion is unchanged, 
iodine excretion is increased from 50-100 
per cent and the nonprotein nitrogen is 
unaltered. Addis count is normal; inorganic 
phosphate, blood sugar and calcium are 
only slightly modified. (2) In the subacute 
stage (one week to approximately four 
months after treatment), the urine becomes 
colorless, and there is decrease in the spe- 
cific gravity with increase in daily output. 
Albumin may or may not be present. Casts 
are rare. Phenolsulfonphthalein excretion 
is slightly decreased. The sodium thiosul- 
fate excretion is decreased 10 per cent, 
iodine excretion may be increased or de- 
creased and the nonprotein nitrogen is un- 
changed. Inorganic phosphate and calcium 
are normal. The blood chloride is slightly 
depressed and the CO, combining power is 


Radiation Nephritis 93 


normal or slightly decreased. (3) In the 
chronic stage (four months or longer after 
treatment), the urine is clear, lighter than 
normal and the output is usually one-third 
to one-half above normal. In the terminal 
state, oliguria or anuria may occur. Albu- 
min may or may not be present. Casts are 
rare. Red blood cells are often present in 
large amounts. The nonprotein nitrogen 
elevation may reach 400 mg./100 cc. 
Marked depression occurs in phenolsulfon- 
phthalein clearance, usually below 30 per 
cent and often falling to o per cent. The 
sodium thiosulfate excretion and iodine 
excretion are depressed. The inorganic 
phosphates gradually increase. The CO, 
combining power becomes depressed. 

Bolliger, Earlam and Laidley (1930 
1932)**819 conducted a series of animal 
experiments in which one kidney only was 
irradiated. Removal of the nonirradiated 
kidney was performed at various intervals 
after the irradiation in one study group, 
while an initial nephrectomy at varying 
intervals before irradiation was carried out 
in another group of animals. Albumin was 
frequently found, casts were variable in 
their occurrence, and the urine output was 
usually high until a few days before death. 
Elevation in blood urea nitrogen was de- 
pendent on the presence of a normal kid- 
ney. Blood creatinine and cholesterol be- 
came elevated and CO, combining power 
decreased with development of severe 
renal insufficiency. 

Goldfelder and Fershing (1938)”’ ob- 
served no alteration in oxygen consump- 
tion of isolated renal tissue when exposed 
to 30,000 r generated at 200 kv. or 4,164 
millicurie hours of gamma radiation from 
radon, although gamma and beta irradia- 
tion totaling 4,000 to 6,500 millicurie hours 
did reduce nitrogen consumption. 

Chambers and Cameron (1941),° while 
studying tubular epithelium growing in 
tissue cultures, observed no definite changes 
unless doses greater than 25,000 r were 
given. 

Dean and Abels (1944)" emphasized the 
inaccuracies of routine kidney function 
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studies and reported on the evaluation of 
the glomerular filtration rate by using the 
mannitol clearance technique. The rate of 
the renal blood flow was measured by 
clearance of sodium para-aminohippurate 
(PAH). Tubular function measurements 
were made by determination of maximum 
capacity of the tubules to excrete PAH 
(TMpah). 

Mendelsohn and Caceres (1953)*? con- 
ducted a series of renal function studies on 
dogs and noted maximum depression in 
kidney function occurring seven to eleven 
weeks after irradiation, depending upon 
the intensity of irradiation. TMpah, inulin 
clearance and blood flow showed an in- 
crease above control levels during the first 
week then fell to approximately 40 per cent 
of control at eight weeks. At the end of 
eight months TMpah had returned to con- 
trol level, inulin clearance returned to 53 
per cent and renal blood flow to 70 per cent 
of control level. During the first seven 
weeks the urine contained albumin and an 
increased number of casts, renal cells, and 
red and white blood cells. At eight months 
the urine appeared normal. Their data sug- 
gest that tubular function was the most 
acute and sensitive index of radiation 
effect. 

Huang et a/. (1954)* studied renal func- 
tion of rats following total body irradiation 
and noted decrease in PAH s/m ratio, and 
QO, of kidney slices fell below control values 
during the first twelve days postirradiation 
followed by a return to normal. They con- 
cluded that this was evidence of reduction 
in tubular function followed by regrowth 
of tubules and return of normal function. 

Smith and Boss (1957),°’ conducting a 
series of renal function studies in rats after 
irradiation of the kidney, noted initial 
elevation with later diminution in glomeru- 
lar filtration rate, creatinine clearance and 
sodium para-aminohippurate clearance, 
with changes in proportion to the amount 
of irradiation given. 

Flanagan a/. (1959)"> conducted stud- 
ies on the effects of roentgen irradiation on 
renal transport systems by use of kidney 


Janu ARY, 196 


slices one day to four months after single 
exposure of roentgen rays to the kidney. 
They noted a decrease in para-aminohip- 
purate uptake and increased oxygen con- 
sumption in the immediate postirradiation 
period. Nonprotein sulphydryl, as well as 
PAH uptake and oxygen consumption were 
depressed in the irradiated kidney one 
week after irradiation and remained so for 
four months. 

Only blood urea nitrogen levels were 
determined in the present animal study 
because of limited personnel and equip- 
ment. As shown in Figure 1, the blood urea 
nitrogen levels remained within limits of 
normal in the animals receiving unilateral 
irradiation. The elevation in blood urea 
nitrogen was more rapid in those animals 
receiving bilateral roentgen irradiation 
with several animals dying during the 
twelfth and fourteenth weeks after treat- 
ment. The elevation in blood urea nitrogen 
occurred later and at a slower rate in the 
animals receiving bilateral gamma irradia- 
tion. This would suggest an earlier and 
more severe damage to the renal tissue by 
the roentgen irradiation generated at 250 
kv. than for gamma irradiation of the 
same dose given by similar fractionations. 


PATHOLOGIC CHANGES FOLLOWING IRRADIATION 
IN EXPERIMENTAL ANIMALS 

Macroscopic Changes.  Buschke and 
Schmidt (1905)* reported definite histologic 
changes in several of their experimental 
animals. Schulz and Hoffman (1g05)" de- 
scribed early changes of hemorrhage and 
transudation followed later by tubular 
destruction and increased intertubular tis- 
sue. Warthin (1907)"* described the oc- 
currence of atrophy, fatty degeneration 
and increase in interstitial connective tissue 
of the kidney in a patient receiving irradia- 
tion for leukemia. 

Histologic changes were reported by 
many others but the earliest comprehensive 
study of pathologic changes was conducted 
by Bolliger and Laidley (1930).° Following 
single massive doses of irradiation there 
were hyperemia and edema with increase 
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animals after irradiation to the kidneys. 


in the size and weight of the kidney. These 
changes slowly subsided during the first 
week after treatment. Irradiation of one 
kidney with a single dose of 3,800 r pro- 
duced contracture of the treated kidney 
by the thirtieth day posttreatment and a 
compensatory hypertrophy of the nonir- 
radiated kidney. Cut sections of the treated 
kidney were slightly yellow with a greasy 
appearance. With increasing length of time 
after treatment, the contracture became 
more evident, reaching an end point one 
hundred to one hundred and fifty days 
post irradiation. The cortex underwent 
progressive diminution in size. The capsule 
became adherent and thickened. A distinct 
fatty degeneration occurred at the junction 
of the cortex and medulla. 

If nephrectomy had been performed be- 
fore irradiation, the exposed kidney main- 
tained its normal size and weight. The 
hypertrophy, due to the increased demand 
on the remaining kidney, and the contrac- 
ture produced by irradiation seem to bal- 
ance each other, resulting in a kidney of 
normal size. 

In our group of animals that died from 
two to ten weeks following irradiation, no 
gross renal changes were noted. Animals 
sacrificed eight to nine months after irradia- 


tion demonstrated 
changes. 

The kidneys of the control animals aver- 
aged 8.2 gm. in weight. Group 1 animals, 
receiving 4,000 r gamma irradiation bi- 
laterally had kidneys weighing from 4.5 
to 7.5 gm., with an average of 6.6 gm. 
These irradiated kidneys were definitely 
smaller than those of the controls and had 
small yellowish deposits under the capsule 
(Fig. 2). On cut section the cortex appeared 
somewhat thin and there was increased 
resistance in cutting the sections. The 
ureters and renal vessels appeared grossly 
normal. In Group u, only 2 of the group of 
animals receiving 4,000 r roentgen irradia- 
tion bilaterally survived longer than three 
months following irradiation. The gross 
appearance of these kidneys was very 
similar to that of Group 1 with an average 
weight of 6.0 gm. (Fig. 3). In Group 11, only 
one animal of the group receiving 5,000 r 
gamma irradiation survived longer than 
five weeks after treatment. Grossly, the 
irradiated kidney had undergone com- 
pensatory hypertrophy, weighing 10.5 gm. 
(Fig. 4). The renal vessels to the irradiated 
kidney were very small, whereas there was 
marked enlargement of those supplying the 
nonirradiated kidney. Cutting of the ir- 
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lic. 2. Animal sacrificed thirty-six weeks after cobalt 
60 gamma ray therapy: 4,000 r tissue dose to both 
kidneys. 
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Fic. 3. Animal sacrificed thirty-six weeks after 250 
kv. roentgen-irradiation: 4,000 r tissue dose to 
both kidneys. 
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lic. 4. Animal sacrificed thirty-six weeks after cobalt 
60 gamma ray therapy: 5,000 r tissue dose to left 
kidney. 


radiated kidney was difficult because of the 
abundance of dense fibrous tissue present. 
The animals of Group Iv receiving 5,000 r 
roentgen irradiation to the left kidney only 
presented gross findings similar to those of 
Group ut with the irradiated kidney being 
slightly smaller, weighing 1.5-1.8 gm. The 
nonirradiated kidney weighed 10.5—12.5 
gm. (Fig. 

Irradiation with high quality rays, frac- 
tionated into small doses over a period of 
three weeks, produced gross changes more 
slowly than did irradiation with medium 
quality rays in a single exposure. In those 
animals receiving unilateral irradiation, 
no gross difference between the kidneys 
could be demonstrated until after the 
fourth month whereas gross changes were 
present thirty days after a single massive 
exposure.? 

Monca, cited by Earlam and Bolliger 
(1931)'8 found that the ratio of total kidney 
weight to body weight in dogs varied from 
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0.31 per cent to 1.07 per cent. Karlam and 
Bolliger concluded that the larger the kid- 
ney becomes, whether as a result of normal 
growth or of actual hypertrophy, 
reserve power will there be. They believe 
that the greater the weight of the kidney 
in relation to body weight, the less is the 
reserve power remaining in that kidney. 
This reasoning may possibly explain the 
variations in kidney weight observed within 
the animal groups of fairly uniform size 
receiving comparable doses of irradiation 
to the kidneys. 

Microscopic Changes. Schulz — and 
Hoffman (1905) were the first to describe 
the histologic changes in the kidney follow- 
ing irradiation. Using rabbits, they noted 
a great increase of interstitial tissue, to- 
gether with atrophy of the tubules and 
glomerull. 

Hartman, Bolliger and Doub (1926)* 
observed that there was a great increase in 
the connective tissue replacing the tubules. 
The glomeruli exhibited various degrees of 
hyaline atrophy, and the blood vessels of all 
sizes showed thickening of their walls and, 
in many, obliterating endarteritis. 

Bolliger and Laidley described 
5 distinct histologic periods following ir- 
radiation given in a single exposure to the 
kidney of dogs. 

Period 1 (o-48 hours). Acute congestion: 
The capillaries are dilated and packed with 
red blood cells. The glomerular tufts are 
swollen. The tubular cells undergo cloudy 
swelling and the lumen of tubules and the 
glomeruli contain an albumin exudate. The 
interstitial tissues are edematous. 

Period 11 (1-8 days). Period of latency: 
The edema disappears, leaving normal ap- 
pearing kidney. 

Period 111 (§—32 days) 
change: 
the cytoplasm and nuclei. The tubular 
epithelium disintegrates forming casts. 
Fibrous tissue invasion and fatty degen- 
eration of convoluted tubules begins on 
the twenty-second day. The distal con- 
voluted tubules, the ascending limb of the 
loop of Henle and the collecting tubules 
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ic. 5. Animal sacrificed thirty-six weeks after 250 
kv. roentgen irradiation: 
kidney. 


§,000 r tissue dose to left 


seem to be more resistant to the effects of 
roentgen rays. 

Period 1v (21-60 days). Development of 
fibrous tissue: There is prompt replacement 
of the necrosed parenchyma by connective 
tissue. The fatty degeneration reaches a 
maximum, involving the majority of the 
tubules. The glomeruli appear normal ex- 
cept for occasional fibrotic or 
changes. 

Period v (60-230 days). Final period: 
The capsule steadily increases in thickness 
and is composed of fibrous tissue. The 
cortex is completely disorganized except 
for a few scattered islands of normal but 
hypertrophic tubules. The glomeruli are 
closer together and a few tufts have under- 
gone definite sclerotic or hyaline degenera- 
tion. The blood vessels become tortuous. 

The end result of heavy irradiation is 
sclerosis, reaching its maximum gradually. 
The fibrous tissue replacing or destroying 
the tubules becomes hyalinized. The un- 
damaged glomeruli, which are prevented 
by the surrounding fibrous tissue 
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exercising their normal function, undergo 
atrophy and hyalinization and the larger 
vessels which now serve no useful function 
undergo proliferative endarteritis. The 
entire kidney becomes to all intents and 
purposes an inert mass of fibrous and hya- 
line tissue.’ 

The animals receiving smaller doses de- 
veloped cloudy swelling, hyperemia and 
edema within six hours. All of these changes 
except cloudy swelling subsided by twenty- 
four hours postirradiation. The cloudy 
swelling may progress into necrosis by the 
ninth day. Maximum necrosis and disinte- 
gration occur somewhat later at about the 
fiftieth day.° 

Tubular regeneration may be observed 
as early as thirty days posttreatment, con- 
sisting of small collections of healthy look- 
ing nuclei but actively proliferating. On 
the thirty-fourth day a few convoluted 
tubules are lined by flattened atypical 
epithelium. There soon appear small col- 
lections of normal looking convoluted tu- 
bules. The glomeruli are normal except 
for an occasional hyalinization and thick- 
ening of the Bowman’s capsule. The blood 
vessels present no change. The renal cap- 
sule becomes thickened.’ 

In our experiment, the animals which 
died during the first few weeks were gen- 
erally found several hours after death. 
Many of the previously described micro- 
scopic changes reported in the early stage 
(1.e., cloudy swelling, congestion and 
edema) could be explained in our animals 
on the basis of postmortem changes alone. 

Satisfactory histologic sections were ob- 
tained from only 2 of the 4 animals which 
died during the interval of ten to fifteen 
weeks from the beginning of irradiation. 
In one animal the only abnormality identi- 
fied was minimal thickening of the glomer- 
ular basement membrane with nuclear 
degeneration of the endothelial cells. In 
the other animal moderate tubular degen- 


eration and necrosis with scattered areas of 


regeneration and scattered areas of inter- 
stitial fibrosis were noted. The glomeruli 
contained patchy thickening of the base- 


January, 1960 


ment membrane of capillary loops with 
degenerative changes 1n endothelial nuclei. 
The arterioles showed changes from promi- 
nent endothelium to marked thickening 
and hyalinization. 

The kidneys of animals sacrificed six to 
nine months after bilateral irradiation pre- 
sented scattered wedges of dense inter- 
stitial fibrosis containing atrophic tubules, 
hyalinization and obliteration of the glom- 
eruli. The blood vessel walls were thick- 
ened and hyalinized (Fig. 6). The other 
areas of the kidney were essentially nor- 
mal in appearance. 

The nonirradiated kidney of the uni- 
laterally treated animals was microscopi- 
cally normal. In the irradiated kidney, the 
glomeruli were completely obliterated and 
hyalinized. The tubules were atrophic with 
areas of cystic dilatation. The blood vessels 
of all sizes were thickened, obliterated and 
hvalinized. The capsule was markedly 
thickened. 

The changes in the roentgen irradiated 
groups were more extensive and more ad- 
vanced than those noted in the gamma ir- 
radiated groups. These observations cor- 
roborate the findings of the renal function 
studies according to which roentgen ir- 


Itc. 6. Microscopic appearance of kidney thirty-six 
weeks after 250 kv. roentgen irradiation: 5,000 r 
tissue dose. Note marked capsular thickening, dif 
fuse interstitial fibrosis, atrophy and hyalinization 
of glomeruli, degeneration of tubules, and thicken- 
ing of blood vessel walls. 
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radiation produces more tissue injury than 
gamma irradiation and the tenth to four- 
teenth week appears to be the critical pe- 
riod of maximum injury and beginning of 
regeneration. 

Future detailed animal studies are 
planned in an ettort to identify more ac- 
curately the early phases of histologic and 
functional changes which occur following 
irradiation of the kidney. 


CLINICAL RADIATION NEPHRITIS 

Rosenstern (1906) and von Jaksch 
(1907)** reported the occurrence of albu- 
minuria in patients receiving roentgen 
therapy to the upper abdomen. Edsall and 
Pemberton (1907)*! observed nitrogen re- 
tention in patients following exposure of 
the kidneys to roentgen rays. Warthin 
(1g07)*® described the clinical findings of 
nephritis following irradiation of the spleen 
in the treatment of leukemia. 

Doub, Hartman and Bolliger (1927)" 
reported 2 clinical cases of nephritis de- 
veloping after roentgen therapy of the up- 
per abdomen and collected 16 other cases 
of chronic nephritis following irradiation. 

Domagk (1927) reported the case of a 
nine year old child developing renal failure 
six months after irradiation for mesenteric 
lymphadenitis. 

Dean and Abels (1944)' described the 
case of a twenty year old woman who re- 
ceived irradiation to a mass in the left 
upper quadrant through anterior and pos- 
terior opposing fields, delivering a calcu- 
lated dose of 4,000 r to left kidney. Seven 
vears later, the patient developed head- 
aches and hypertension (184/125 mm. Hg). 
Intravenous pyelography revealed a 
shrunken left kidney. Nephrectomy re- 
sulted in the return of the blood pressure to 
normal value. The patient was well four- 
teen months postnephrectomy. 

Zuelzer, Palmer and Newton (1950)*° 
reported an unusual glomerulonephritis 
appearing in 3 young children following 
radiation therapy to the upper abdomen. 
All 3 patients died five to six months after 
the start of irradiation. Two of the patients 
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received 5,200 r and 5,850 r in air over 
anterior and_ posterior opposing fields 
15X15 cm. which would give an estimated 
3,400 r and 3,800 r, respectively, to the re- 
maining kidney. The third patient received 
treatment through anterior, postericr and 
both lateral areas. A dose of 6,550 r in air 
divided between these areas would deliver 
an estimated 1,700 r and 3,600 r to the con- 
tralateral and ipsilateral kidneys, depend- 
ing upon the accuracy of field localization. 
Luxton (1953)* reported on a clinical 
study of 27 patients with radiation nephri- 
tis receiving postoperative — radiation 
therapy to the abdomen in the treatment of 
testicular neoplasms. Twenty per cent of 
37 patients are known to have developed 
evidence of renal damage. Clinically, these 
patients were subdivided into four groups: 
(1) acute radiation nephritis, (2) chronic 
radiation nephritis, (3) benign hyperten- 
sion and (4) late malignant hypertension. 
(1) Acute radiation nephritis. Following 
a latent period of six to twelve months, the 
patients developed a gradual onset of 
symptoms which became incapacitating 
within one month. The early symptoms in- 
cluded edema, dyspnea on exertion, hyper- 
tensive headaches, nocturia, lassitude and 
vomiting. On clinical examination, the 
findings included edema, urinary changes, 
hypertension, headaches, retinitis, anemia, 
cardiac enlargement, hypertensive enceph- 
alopathy, terminal chronic uremia and 
congestive heart failure. The edema was 
confined to the legs in 6 patients. In all § 
fatal cases edema was present in regions 
other than the legs, including serous effu- 
sion into the pleural and peritoneal cavities. 
The urinary changes consisted of albumin, 
epithelial, hyaline or granular casts and oc- 
casional red blood cells. In hypertension, 
the blood pressure varied; usually it was 
highest within six months after the first 
symptoms. The blood urea was 40 to 
80+mg./10o ml. In the fatal cases it ex- 
ceeded 100 mg./100 ml. at some time dur- 
ing the first three months of illness. Five 
of the 13 patients died, 4 within five months 
of onset of symptoms, one after twelve 


1 
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months. The surviving patients began to 
improve about six months after the onset 
of symptoms although chronic nephritis 
remained. The treatment consisted of bed 
rest, repeated blood transfusions, restric- 
tion of fluids and a low salt diet. Other 
supportive measures proved of value. 

(2) Chronic radiation nephritis. Eight 
patients were found to have signs of chronic 
glomerulonephritis without evidence of 
acute radiation nephritis. The clinical 
pathologic features included hypertension, 
albuminuria, anemia, and impaired renal 
function. The blood urea was sometimes 
normal, or raised (40-100 mg./100 ml.). 

(3) Benign hypertension. Four patients 
were found to have persistently elevated 
blood pressures and slight albuminuria. 
The renal function tests were normal. The 
blood urea estimates were within upper 
limits of normal. 

(4) Late malignant hypertension. Two 
patients developed symptoms of renal dam- 
age eighteen and twenty-four months post- 
irradiation with rapid deterioration and 
death within seven weeks. The findings in- 
cluded severe hypertension, retinitis and 
albuminuria. The blood urea nitrogen and 
renal function studies were normal. 

On reviewing the 63 case reports of renal 
damage appearing in the literature, all but 
3 cases fall into one of the four clinical 
groups described by Luxton. Twenty-two 
patients developed acute radiation nephri- 
tis, 30 patients had symptoms of chronic 
radiation nephritis, 5 had benign hyper- 
tension after irradiation of the upper abdo- 
men and 3 developed a malignant hyper- 
tension twelve to twenty-four months after 
irradiation without developing symptoms 
of acute nephritis. The 3 exceptions were 
the cases reported by Cogan and Ritter,’ 
Levitt and Oram, and Dean and Abels.” 
These patients developed hypertension 
three months, eight years and eleven years 
following heavy irradiation of one kidney 
only. All patients became normotensive 
following nephrectomy. 

Friedman (1952)* reported the occur- 
rence of atrophic kidneys in 7 of 50 pa- 
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tients receiving 4,000 to 6,000 r to the kid- 
neys. Friedman (1958) also described 2 
fatal cases of radiation nephritis in patients 
receiving large doses of radiation to upper 
abdomen. 

Luxton (1958)** in a personal communi- 
cation states that he observed over 50 pa- 
tients who developed renal damage post- 
irradiation and concludes that this is a com- 
plication which can be avoided in most 
cases. 


PATHOLOGIC CHANGES IN CLINICAL 
RADIATION NEPHRITIS 

Macroscopic Changes. Vhe gross appear- 
ance of the kidney after irradiation is vari- 
able and depends upon the interval after 
treatment and the presence of a normal 
kidney. 

If the patient dies of renal insufficiency 
six to twelve months postirradiation, the 
kidney may appear normal or slightly en- 
larged. The capsule will strip without great 
diticulty. On cut section, small areas of 
hemorrhage are seen and some of the glo- 
meruli may appear engorged or the cortical 
architecture may be obliterated. The med- 
ullary portion, renal pelvis, ureter and 
renal vessels may appear normal. 

If the patient survives several years after 
irradiation, the kidneys will become smaller 
than normal; the capsule is thickened and 
densely adherent to the tissues. The cortex 
is thinned and the architecture altered, and 
dilated tubular structures and deposits of 
fat are present at the junction of the cortex 
and medulla. The renal pelvis and ureter 
are not unusual in appearance. The renal 
vessels may be reduced in size because of 
the diminished blood flow through the 
shrunken kidney. 

If only one kidney has been heavily ir- 
radiated, there is more atrophy, the cap- 
sule cannot be stripped and sectioning is 
difficult. Only a few dilated tubular spaces 
and arteriosclerotic vessels can be identified 
in the dense fibrous tissue. The renal pelvis 
is very small and the renal vessels are 
atrophic. 

Microscopic Changes. The patients de- 
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veloping fatal renal injury following ir- 
radiation die from six to twenty-four 
months after treatment, thus placing the 
stage of cellular damage into Bolliger and 
Laidley’s Period v (60-230 days, the final 
stage).” 

Domagk (1927) reported the case of a 
nine year old girl who died of renal failure 
six months after roentgen therapy. He ob- 
served that the glomeruli were largely 
obliterated by connective tissue, many con- 
tained fat, and the Bowman’s capsules 
were greatly thickened, often compressing 
the tufts. The tubules were dilated, 
atrophic or necrotic or had undergone fatty 
changes. The intima of the larger vessels 
showed fatty degeneration and thickening 
by connective tissue. 

Zuelzer, Palmer and Newton (1950)*° re- 
ported cases of 3 children who died of renal 
failure five to six months after irradiation 
of the upper abdomen in which they found 
a pathologic process involving the majority 
of the glomeruli and tubules but sparing 
scattered small areas throughout. They de- 
scribed several different stages of glomer- 
ular and tubular lesions, ranging from com- 
plete scarring, glomerular obliteration of 
long standing, recent degenerative changes 
and acute necrosis, suggesting recurrent 
injury to the kidneys. The most frequent 
glomerular lesions consisted in damage to 
the basement membranes and endothelium 
of the glomerular capillaries with the loops 
obstructed by a felt-like fibrillar, granular 
or amorphous material. The visceral and 
parietal epithelium was usually well pre- 
served. The basement membrane of Bow- 
man’s capsule was often thickened by 
hyaline-like material causing bulbous pro- 
jections which seemed to encroach on the 
capsular space or contract the glomerular 
hilus. The final stage of this process was 
complete disappearance of the tufts, leav- 
ing a scar of eccentric fibrosis and hyaline 
material. The larger vessels appeared nor- 
mal. Occasionally, the arcuate arteries 
showed fibroelastic thickening of the in- 
tima. Isolated interlobular 
arteries revealed edema and_ beginning 
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necrosis of the intima with deposition of 
fibrinous material underneath the endo- 
thelium. Similar changes were common in 
the afferent glomerular artery with occlu- 
sion of the lumen by fibrinoid thrombi, 
necrosis of the muscles and obstruction of 
the internal elastic layer. 

Very similar microscopic changes were 
Luxton,*’ Russell,® Gross- 
man,*” Levitt and Oram, Wilson ef 
and others.**:*! 


observed by 


‘64 Some variations in ratio of 
distribution of the microscopic abnormal- 
ities were observed from case to case. These 
findings coincide very closely with the 
radiation ettects observed by Gabriel.” 
The patients reported by Levitt and Oram* 
and Wilson ef a/.,’* receiving irradiation 
and developing hypertension eight and 
eleven years later, demonstrated complete 
obliteration of many glomeruli with 
marked arteriosclerotic changes the 
arterioles and larger vessels. The larger 
vessels in the medulla demonstrated pro- 
nounced medial hypertrophy and intimal 
thickening. 

The clinical observation of an acute 
nephritis occurring in a patient six months 
after receiving intensive irradiation to the 
abdomen for abdominal carcinomatosis is 
believed to be suggestive of radiation 
nephritis. Although microscopic confirma- 
tion could not be obtained, the occurrence 
is believed to be of sufficient interest to be 
reported. 

REPORT OF A CASE 

Mrs. M.C.G., a forty-eight year old white 
female, was admitted to Emory University 
Hospital on February 2, 1955 with the com- 
plaint of abdominal swelling of three weeks’ 
duration. On physical examination, there was 
evidence of fluid in the abdomen and left chest. 
The blood pressure was 140/90 and Hb 12.1 
gm. The urinalysis was within normal limits. 
The microscopic studies of the fluid removed 
from the left chest and abdomen revealed the 
presence of numerous malignant cells. 

The patient was transferred to Memorial 
Hospital where an exploratory laparotomy and 
bilateral salpingo-oophorectomy were _ per- 
formed, revealing a malignant lesion probably 
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of ovarian origin. From March 16 to May 1, 
1955, supervoltage roentgen therapy was 
given to patient’s abdomen. The physical fac- 
tors were: 1,000 kv., 3.4 mm. Cu, half value 
layer, 100 cm. target skin distance and 33X26 
cm. anterior and posterior opposing fields. The 
skin dose to each field was 3,600 r with an es- 
timated midplane dose of 4,200 r. 

The patient was re-admitted to Emory Uni- 
versity Hospital on September 15, 1955, com- 
plaining of weakness. The blood pressure was 
160/98 and Hb 8.9 gm. The urinalysis revealed 
specific gravity 1.010; albumin 4+. The micro- 
scopic examination demonstrated 27 to 30 red 
blood cells per high power field, 1 to 3 white 
blood cells per high power field and granular 
casts. The pertinent laboratory data are sum- 
marized in Figure 7. 

The patient improved temporarily after re- 
peated blood transfusions and bed rest. How- 
ever, recurrence of the disease developed soon, 
she became progressively weaker and died Jan- 
uary 16, 1956. Postmortem examination was 
not performed. 

Although tissue sections were not available 
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for confirmation, the history of intensive irra- 
diation over the abdomen and the subsequent 
clinical findings are highly suggestive of renal 
damage secondary to roentgen irradiation. 


DISCUSSION 


Krom animal studies and clinical obser- 
vations of patients receiving radiation 
therapy to the upper abdomen, the sen- 
sitivity of the kidneys to irradiation is well 
demonstrated. The variations in functional 
alterations and the multiple clinicopatho- 
logic entities which may occur mirror the 
wide range of radiosensitivity of renal 
tissue from individual to individual. Cer- 
tain conditioning factors such as age and 
pre-existing anatomic and pathologic ab- 
normalities of the renal tract may explain 
some of the variations in the clinical pic- 
ture. 


It is dificult to determine how much of 


the damage to the nephron is due to direct 
injury by irradiation, and how much is 
secondary to the vascular damage or to the 
widespread interstitial fibrosis. Any injury 
which leads to premature closure of capil- 
laries and destruction of local histiocytes 
may shorten the functional life of the tissue 
involved. To what extent an individual 
tubule may be damaged and still recover 1s 
not vet clear. It has been demonstrated 
that the loss by necrosis of a few cells can 
be made good by the less severely damaged 
tissue. The degree of the recovery of the 
kidney from a pathologic process is deter- 


mined, to a large extent, by the presence of 


the other kidney or otherwise the vital 
necessity for that recovery to take place; 
i.e. if another kidney is present to maintain 
life, the damaged kidney will show less 
tendency to recover than if it is being called 
upon to maintain life by itself. 

Russell® stated that, “whatever histo- 
logic damage is induced in the kidney by 


irradiation will follow the same series of 


changes as seen in irradiation of other 
tissues of the body.”’ The skin reaction is an 
example. Hyperemia and increased capil- 
lary permeability result in interstitial 
edema which separates tubules and capil- 
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laries by a protein exudate. As this passes, 


the protein exudate becomes the site of 


collagen precipitation. Capillaries become 
thrombosed, and arterioles and large local 
arteries and veins slowly thicken. Necrosis 
may follow due to essentially an anemic in- 
farction. 

Wilson et a/.** concluded that irradiation 
of the kidneys has two distinct and inde- 
pendent biologic efttects: (1) interstitial 
fbrosis and (2) hypertension, and that 
these may develop together or separately. 
When they were associated, the structural 
changes in the kidney presented a com- 
posite picture of the result of interstitial 
fibrosis and of hypertensive vascular dam- 
age. Interstitial fibrosis was observed to be 
far advanced when the blood pressure first 
became elevated, some four to nine months 
after irradiation. It has been demonstrated 
that irradiation of one kidney produces 
hypertension and that removal of the dam- 
aged kidney will result in the blood pres- 
sure returning to normal. 

Wilson et a/.** also noted that irradiation 
of the kidney may produce hypertension in 
the absence of the structural changes usu- 
ally found in radiation sclerosis. Later, 
structural changes were observed but re- 
sembled lesions of essential malignant 
hypertension and were regarded as second- 
ary to the high blood pressure. In rats 
which became hypertensive after irradia- 
tion of one kidney, fibrinoid necrosis of the 
arteries was more severe and involved 
larger vessels in the irradiated kidney than 
in the nonirradiated kidney, suggesting 
that hypertension induced more severe 
lesions in an already damaged kidney or 
that exposure to irradiation led to greater 
vulnerability of the arterial wall. 

Hypertension was not observed in our 
experimental animals even though severe 


nephrosclerosis was produced. It was at 


first considered that this could be explained 
on the basis of a species difference in the 
experimental animal; however, Goldblatt”® 
and co-workers have demonstrated that 
partial constriction of one renal artery will 
produce hypertension in rabbits. Page*’ 
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produced hypertension in rabbits by en- 
capsulating the kidney in cellophane, silk 
or collodion painted gauze. Flanagan et a/.™ 
have not observed hypertension in rabbits 
receiving unilateral roentgen irradiation to 
an exteriorized kidney although marked 
shrinkage and nephrosclerosis were pro- 
duced. Wilson et a/.** reported that one of 
their experimental animals failed to de- 
velop hypertension despite the fact that 
the radiation sclerosis was very severe. 
Lamson et al. reported observing sus- 
tained hypertension in Wistar rats after 
total body irradiation with no histologic 
abnormalities present in the kidneys. 

At the present, it is not known how renal 
irradiation produces hypertension or what 
factors determine the development of radi- 
ation sclerosis. Renal anoxia is believed to 
result in the production of a substance in 
the kidney tissue, renin, which reacts with 
a pseudoglobulin of the plasma, producing 
a pressure substance known as angiotonin 
or hypertensin (Coke!’). The occurrence of 
hypertension with advanced nephrosclero- 
sis may readily be explained on this basis of 
renal anoxia. The occurrence of hyperten- 
sion with minimal or no histologic abnor- 
malities may be due to functional alteration 
within the tissues which do not produce 
identifiable cytologic changes. Flanagan 
et al.,* reporting on the chemical determina- 
tion of oxygen consumption in slices of the 
kidney after irradiation, noted a continued 
decrease in the oxygen consumption by the 
irradiated kidney following the seventh 
day postirradiation. Possibly more de- 
tailed studies with the use of the electron 
microscope and other biochemical deter- 
minations will answer many of these ques- 
tions. 

The failure to demonstrate hypertension 
in unilaterally irradiated animals may be 
explained on the basis of the protective 
action of the normal kidney. Pickering and 
Prinzmetal*® found that in the rabbit the 
constriction of one renal artery when the 
opposite kidney was intact rarely gave rise 
to hypertension. They found that the 
atrophy of ischemia and hypertrophy of 
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the normal kidney occurred in these cases. 
They suggested that the stimulus for the 
pressure increase might be a change in the 
normal relation between the oxygen de- 
manded by the kidney and the amount of 
oxygen supplied to it by the blood. When 
the blood supply of one kidney is decreased, 
the other kidney takes over its work. The 
kidney with the constricted artery would 
therefore do only the amount of work per- 
mitted by the amount of blood which it re- 
ceived. That such an adaptation does oc- 
cur is indicated by the experiment of Levy, 
Light and Blalock, who found that in a 
kidney with a constricted artery there was 
a decrease in blood flow and that arterial 
venous difference in 
normal. 

These findings of renal sensitivity and 
the more frequent use of megavoltage ir- 
radiation make it imperative that renal 
function and localization are determined 
before irradiation of the upper abdomen. 
The field arrangement should be so located 
as to preserve as much of the kidney tissue 
as possible. If irradiation of both kidneys 
is unavoidable, protective screening of the 
kidneys should be employed after delivery 
of 2,000 r tissue dose to the kidneys. It is 
quite probable that many cases of radiation 
nephritis develop and are unrecognized be- 
cause of the long latent period of six to 
twelve months before clinical symptoms 
become apparent. Also, because the under- 
lying pathology for which intensive irradi- 
ation is utilized is often so serious as to 
shorten life expectancy, subsequent symp- 
toms are usually attributed to the basic 
disease. To revoice Professor Luxton’s com- 
ment, “Radiation nephritis is a process 
which is largely avoidable.” 
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SUMMARY 

1. The literature on radiation nephritis 
is reviewed. 

2. Radiation nephritis may be produced 
in several experimental animals with nu- 
merous different irradiation techniques. 

3. Some 63 cases of radiation nephritis 
have been recorded in the literature. 
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4. Another clinical case suggestive of 
radiation nephritis is presented. 

§. Radiation nephritis may develop 
when both kidneys receive irradiation in 
excess of 2,500 r tissue dose in five weeks. 

6. Radiation nephritis can be avoided in 
most cases by more careful arrangement of 
treatment areas. 

Department of Radiology 
School of Medicine 
Emory University 
Atlanta, Georgia 
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ROTATIONAL COBALT 60 TELETHERAPY 
OF VESICLE CANCER* 


By HARRY H. 


BROWNE, M.D., avd RALPH T. OGDEN, M.D. 


HARTFORD, CONNECTICUT 


‘T" IE purpose of this paper is to report 
results from cobalt 60 irradiation in the 
treatment of carcinoma of the urinary blad- 
der at the Hartford Hospital from Decem- 
ber 15, 1954 to January 1, 1958, and to 
compare them with the results from surgery 
in the Hartford Hospital and elsewhere. 
The maximum follow-up in this series is 
only four years, and the minimum is only 
one year, but even so we feel that the re- 
sults are significant enough to present a 
preliminary report, particularly since it is 
possible to compare them with surgical re- 
sults obtained under the circum- 
tances and over the same period of time. It 
is difficult to compare the results from sur- 
gery with those from irradiation, but a 
comparison can be made if the maximum 
and minimum follow-up periods are the 
same and if the survival figures of each 


same 


particular stage of the disease can be deter- 
mined tor each therapeutic modality. 
Untreated carcinoma of the bladder is a 
fatal disease. This is well substantiated ina 
series of untreated reported by 
Sauer et a/.> which showed that the average 
duration of life was 13.2 months with only 
one patient surviving five years. Some form 


Cases 


of treatment is, therefore, necessary if 
there is to be any salvage tor this group of 


patients. There can be general agreement 
on this point, but there is no universal 
agreement about which treatment is the 
best. 

Many therapeutic procedures have been 
advocated for the control of cancer of the 
bladder including  fulguration, 
rethral resection, segmental resection, 
hemicystectomy, cystectomy, radical cys- 
tectomy, pelvic exenteration, and ortho- 
voltage and supervoltage irradiation. It 
is, therefore, quite obvious that no one form 
of treatment is a panacea for this disease. 


transu- 


Any accurate appraisal of a therapeutic 
modality in the treatment of carcinoma of 
the bladder must show the exact degree of 
tumor involvement. If this requirement is 
not fulfilled, then the statistical data of 
such a study are open to criticism. The 
tumor staging which we have employed in 
our series is similar to that used by Whit- 
more and Marshall’ (Table 1). We have ac- 
cordingly divided into four 
major groups: Stage A-B, which includes 
carcinoma i” sifu, extension into the mu- 
cosa, and disease which infiltrates muscle 
to the bladder wall; Stage is, which in- 
cludes extension of the disease into the 
perivesicular fat and/or the prostatic 
urethra; Stage D, which signifies disease 
within the lymph nodes of the pelvis, and a 
fourth which the 
inoperable patients with widespread disease 
in the pelvis and/or the presence of distant 
metastases. 

Jewett? and Baker! have clearly de- 
scribed the pathogenesis of vesicle cancer. 


our results 


category encompasses 


In a series of 206 cases studied between 
1954 and 1958 for the purpose of predicting 
potential curability, Jewett showed that 
histologic differentiation is accurate in only 
50 per cent of the series. He also noted that 
the papillary tumors, when poorly differ- 
entiated, metastasize in 33 per cent of the 
cases, the epidermoid in 67 per cent, and 
the undifferentiated tumors in 83 per cent. 
He concluded that the grading of a lesion 
is important in roughly estimating the 
prognosis but that it does not necessarily 
indicate the potential curability. Jewett 
found, in studying the depth of infiltration 
in 107 autopsy cases, that the incidence of 
metastases increases directly with the 
penetration of the disease. He also found 
that superficially infiltrating tumors 
(Group A and Group Br according to 
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TABLE | 


STAGING OF VESICLE CARCINOMA 
(Whitmore and Marshall’) 


Stage O. Tumor limited to mucosa 


Stage A-B Stage 
Stage B. 
Stage C 
Stage D 
Inoperable 


Marshall’s classification) had a much better 
prognosis than the deeply infiltrating 
tumors (Group B2 and Group C). He con- 
cluded from his studies that the depth of in- 
filtration, or the stage of the disease, gov- 
erns to a great extent the potential curabil- 
ity, and that the grading of the tumor indi- 
cates in a general way the speed of tumor 
growth. 

Baker has demonstrated a circumfer- 
ential spread of tumor cells in the bladder 
lymphatics. His series is small, but he has 
definitely shown that 2 of 5 patients in his 
series with Stage Br lesions had marked 
circumferential spread of tumor into the 
lymphatics of the bladder muscle and that 8 
of Io patients with Stage B2 lesions had at 
least one lymph node involved with disease. 
In this latter group he also showed that the 
average bladder circumference infiltrated 
with tumor was 60 per cent and that this 
was not manifest clinically by either gross 
palpation or inspection at the time of oper- 
ation. From these observations, one can 
easily understand the reason for recur- 
rences following segmental resection, ful- 
guration, transurethral resection, and even 
cystectomy when bladder cancer is not 
superficially localized to either the mucosa 
or submucosa. 

Carcinoma of the bladder has been suc- 
cessfully treated with radiation almost 
from the very beginning of radiation ther- 
apy. This is not surprising since a high pro- 
portion of vesicle neoplasms are graded 
pathologically as radiosensitive. The cure 
rate with low voltage radiation, however, 
has not been spectacular, chiefly because of 
the difficulty in delivering cancerocidal 
radiation without the danger of damage to 


Stage A. Tumor not beyond submucosa 

Tumor not more than halfway through muscle 

Tumor more than halfway through muscle but not keyond muscle 
} Stage C. Tumor beyond muscle but not metastatic 

|Stage D. Tumor metastatic to points within the confines of the pelvis 
Stage D. Tumor metastatic to points outside the confines of the pelvis 


adjacent and surrounding normal tissues. 
This was brought out by Marshall,® who re- 
viewed 300 patients treated with ortho- 
voltage radiation between 1932 and 1938. 
He reported a 17 per cent five year survival 
rate with only a 6 per cent cure rate, and 
he stated that the majority of patients ap- 
parently cured were those with low-grade 
lesions. The complications from orthovolt- 
age irradiation, when the tumor dose was 
carried to a high level, were chiefly marked 
cystitis, contracted bladder, rectal bleed- 
ing, and severe skin changes. 

It is possible with supervoltage irradia- 
tion to deliver larger tumor doses with less 
etfect on normal tissues than with conven- 
tional irradiation. Because of this, super- 
voltage should be a_ better therapeutic 
agent than orthovoltage, and theoretically 
the cure rate in cancer of the bladder 
should be higher. 

Treatment of carcinoma of the bladder 
with supervoltage radiation is not new. 
Buschke and Cantril? were among the first 
to establish a supervoltage technique for 
the treatment of carcinoma of the bladder. 
They used 800 kv. therapy and reported 7 
of 52 patients free of disease following a 
total tumor dose of 6,000 r. 

A more recent study by Rusche and 
Jatte,’ who used cobalt 60 with the patient 
rotating in the beam of radiation, showed 
very encouraging results in a small series 
of patients. They noted very few complica- 
tions secondary to cobalt 60 therapy and 
were particularly impressed with the ab- 
sence of secondary bladder contracture 
following therapy. 

Cordonnier and Seaman,’ reporting on 
the use of the betatron, found that in a 
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fairly high percentage of the patients 
treated there were severe and frequent 
gastrointestinal disturbances, such as in- 
testinal obstruction, perforation, and peri- 
tonitis. 

Cuccia, Jones, and Crigler,! who used 
both betratron and cobalt 60 radiation, 
concluded that supervoltage had a definite 
place in the treatment of Stage B2 and 
Stage C lesions. However, their complica- 
tion rate included 11 patients who devel- 
oped rectal bleeding and 10 who developed 
a contracted bladder. 

Reports on supervoltage therapy of car- 
cinoma of the bladder with cobalt 60 and the 
betatron are of necessity preliminary ones, 
but the results from both are encouraging. 
In comparing the two, it is evident that 
complications following therapy with co- 
balt 60 are minimal when compared to 
those following the use of the betatron. 

In December, 1954 a cobalt 60 rotating 
therapy unit manufactured by the Atomic 
Energy of Canada, Ltd., known as a Thera- 
tron B, was installed at the Hartford Hos- 
pital. The advantage of this unit over most 
other supervoltage units is the ability to 
rotate a high energy beam of 2-3 mev. 
radiation around the patient rather than 
rotating the patient in a beam of radiation. 
The rotational aspect of our unit is such 
that the tumor is always on target while 
the adjacent tissues and integument are in 
the beam only a fraction of the time. We 
are, therefore, able to deliver a high and 
homogeneous tumor dose with minimal 
reaction in the surrounding skin and tis- 
sues. The unit can rotate through 360°, or 
oscillate through any arc of that circum- 
ference. The distance from the radioactive 
source to the center of the axis of rotation 
is always 75 cm. This is a comparatively 
long focal tumor distance and gives a rela- 
tively high tumor dose ratio as compared 
with orthovoltage roentgen rays, although 
not so high as with the betatron. The latter, 
however, has the disadvantage of a high 
exit dose which is three or more times that 
from cobalt 60 radiation. 
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carcinoma of the bladder includes 55 
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PRIMARY CARCINOMA OF THE BLADDER 
1954 —1957 


Hartford Hospital 


55 Cases 
21 Living 


lic. 1. Rotational cobalt 60 teletherapy 


proved cases of primary carcinoma of the 
bladder treated from December 15, 1954 to 
January 1, 1958, of which 21 patients are 
presently living (Fig. 1). Our method of 
treatment has been relatively uniform, and 
we feel that this fact lends importance to 
our statistics. Forty-seven of the 55 pa- 
tients received the same type of therapy. 
They were treated through either 10X10 
or 1OX1IS$ cm. ports at tumor depth cen- 
tered over the bladder, and they received a 
daily tumor dose of 200 r over a five to six 
week period, accumulating a total dose be- 
tween 5,000 and 6,000 r. Five patients of 
the 47 received more than 6,000 r, and the 
average dose in this small group was 8,000 
r. Ninety per cent of the 47 patients were 
treated with complete rotation of the beam, 
whereas the remaining 10 per cent were 
treated with an anterior scan which elimi- 
nated the rectal segment of the rotational 
arc. Eight patients received less than 
5,000 r, with an average of 4,010 r, and the 
minimum dose in this group was 3,800 r. 
All patients received 200 r daily. There 
were 3 patients with far advanced disease 
who died while undergoing treatment, and 
they are not included in this study. There 
were 2 patients who had received radon 
seed implantation for postsurgical recur- 
rence. The disease in these patients re- 


curred again and they were treated in the 
usual manner with cobalt 60 radiation. 

At the Hartford Hospital, papillomata 
of the bladder are considered benign neo- 
plasms even though it is accepted that they 
are potentially malignant. A Grade 1 tumor 
is the lowest grade of cellular unditferentia- 
tion that is classified as carcinoma. 

In the series of cobalt 60 cases all lesions 
staged as C, D, or inoperable have been 
proved so either by a pathologic report or 
by the surgical findings at operation. The 
Stage A-B lesions treated with cobalt 60 
were IO in number and they were, to the 
best of our knowledge, located within the 
bladder. Some of them were most likely in- 
filtrative in nature but it could not be 
stated dogmatically whether they were 
Stage A, B1, B2, or even Stage C lesions. 
Diagnosis by biopsy on these 10 patients 
was made at cystoscopy, and they were di- 
vided into the following histologic grades: 
One was a carcinoma i” sifu, 2 were transi- 
tional Grade 1, 3 were transitional Grade 
Il, 3 were transitional Grade 1-Iv, and 
there was one squamous Grade iv. Four of 
the 10 local lesions, therefore, had ad- 
vanced grading. 

The surgical series at the Hartford Hos- 
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January, 1960 


TAaBLe II 


BLADDER CARCINOMA 
COBALT 60 TELETHERAPY ONLY 
5 LIVING CASES 


No. Survival in Years 
Stage of 

Cases 1.5 2 4 
A-B 5 I I I 


pital ran concurrently with the cobalt 60 
series and staging of all cases was according 
to the pathologic report. This surgical series 
does not include any of those patients who 
were referred for postoperative irradiation. 
Most of the cancers in the surgical group 
were local ones, as confirmed by biopsy. 
There were 2 fulgurations, 9 transurethral 
resections, 28 segmental resections, I total 
cystectomy, 2 radical cystectomies, and 3 
which were considered inoperable. 

We have considered all deaths as due to 
disease even though some of our patients 
did not die of cancer. We did this because 
some who died did not come to autopsy and 
we could not, therefore, be sure whether 
some of them who seemed to have died of 
other causes, did or did not also have clini- 
cally undetected cancer. For example, one of 
the inoperable cobalt 60 patients died three 
months following cessation of his treat- 
ment. At autopsy no tumor was found. The 
patient died of aplastic anemia secondary 
to drug therapy. A coronary thrombosis 
proved to be the cause of death in another 
patient, but at postmortem examination 
extensive metastasis from cancer was pres- 
ent in almost every organ of his body. 

There were only § patients who were con- 
sidered operable in the group of 55 that 
were not explored before cobalt 60 therapy, 
and they received no other treatment than 
cobalt 60 irradiation (Fig. 2). To the best of 
our knowledge, they all had Stage A-B 
disease and they are all living without dis- 
ease at the present time. The longest sur- 
vival is four years and the shortest is one 
and one-half years (Table 1). The other so 
cases in the cobalt 60 series were either 
considered inoperable at the time of ex- 
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ploration or they were treated postopera- 
tively because residual disease was left be- 
hind after surgery. 

Among the 50 patients there were 36 
who had a definitive operative procedure 
and who received pe stoperative irradiation 
because of residual disease, and, of the 36, 
14 are presently living (Fig. 2). We have 
divided this group of 36 patients into those 
who cobalt 60 irradiation im- 
mediately postoperatively and those who 
received it late. An arbitrary time of two 
months following surgery has been selected 
for demarcation of these groups. It should 
be noted that those patients placed in the 
late postoperative cobalt 60 group repre- 
sent patients referred for irradiation be- 
Cause of clinical evidence of disease recur- 
rence and, therefore, 


received 


they are surgical fail- 
ures. It should also be re-emphasized that 
all the patients in the immediate postopera- 
tive group were sent for therapy because 
there was evidence of residual disease fol- 
lowing operation. There were 
the immediate postoperative 
which g are sell a 
vival rate (Fig. 


18 cases in 


sO per cent sur- 
. Eight of the g living pa- 
tients in this ti had disease outside the 
bladder. Table 111 shows the survival rates 
according to stage. One patient with Stage 
A-B lesion and § with Stage C 
living without disease. 


lesions are 
The longest survival 
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IMMEDIATE 18 CASES 50 SURVIVAL 
9 LIVING 
LATE 18 CASES 28 SURVIVAL 
36 5 LIVING 
Immediate Late 
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ic. 3. Postoperative rotational cobalt 60 
teletherapy. 
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TaABLe III 


BLADDER CARCINOMA 
IMMEDIATE POSTOPERATIVE 


rREATED BY COBALT 60C 


CASES 
rTELETHERAPY 


g LIVING 

SURVIVALS ACCORDING TO STAGE 

No. Survival in Years 
Stage ot 

Cases 1.5 2 
\—-B 


‘one 


is three and one-half years and the shortest 
is one year. Three patients with Stage D 
lesions are still living and 2 apparently are 
free of The longest survivor is 
three and one-half years postradiation and 
this patient has residual disease. 

In the late postoperative group there 
were 18 patients, of whom ¢ are still living, 
giving a 28 per cent survival rate (Fig. 3). 
Only 4 of the recurrences were cl: assified as 
local (Stage A-B) at the time of cystos- 
copy. All of these patients are free of dis- 
ease at this time, the longest three years 
and the shortest a year and one-half. One 
Stage D with disease 
eighteen treatment 
(Table rv) 

The last group included 14 patients who 
were considered inoperable at the time of 
exploration (Fig. 2). There are 2 survivals 
in yes croup, both of whom have disease. 
One is living one and one-half years, and 
the other two and one-half vears following 
irradiation (Table v) 


disease. 


is surviving 
months 


case 


following 


TaABLe IV 
BLADDER CARCINOMA 
LATE POSTOPERATIVE CASES 
rREATED BY COBALT 60 TELETHERAPY 


SURVIVALS ACCORDING TO STAGE 

No. Survival in Years 
Stage of 

Cases 1.5 2 3 
A-B 4 2 I I 
D I 
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TABLE V 
BLADDER CARCINOMA 
INOPERABLE SURVIVORS 

TREATED BY COBALT 60 TELETHERAPY 

No. Survival in Years 
Stage of 

Cases 

Inoperable 2 I I 


Table vi summarizes the 21 survivors of 
the 55 cases treated with the cobalt 60 tele- 
therapy at the Hartford Hospital from 
December 15, 1954 through 1957. We have 
a 100 per cent survival with no evidence of 
recurrences in 10 patients who had Stage 
A-B disease. Five of the 8 patients with 
Stage C lesions are living without evidence 
of disease—a 62 per cent survival rate. 
There is a 17 per cent survival rate of the 
patients with Stage D lesions, and there is 
no evidence of residual tumor in 2 of 4 sur- 
viving patients in this group at this time. 

The surgical series in the Hartford Hos- 
pital ran concurrently with that treated by 
cobalt 60 irradiation, from December 15, 
1954 to January 1, 1958. There were 45 pa- 
tients in this group, of whom 28 are pres- 
ently living (Fig. 4). The staging of these 
lesions is shown in Figure 5. It should be 
noted again that this staging is very accu- 
rate since the pathologic specimen and/or 
the surgeons’ findings were available in all 
cases. This series is comprised of 39 local 
lesions, 1 Stage C lesion, 2 Stage D lesions, 
and 3 inoperable cases. All 28 who are living 
had Stage A-B lesions. Table vit shows the 


TABLE VI 
BLADDER CARCINOMA 
1954 
PER CENT SURVIVALS ACCORDING TO STAGE 
ALL CASES TREATED BY COBALT 60 TELETHERAPY 


1957 


Per Cent 


Stage Alive Dead ‘spt 
Living 
A-B 10 fe) 100 
C 5 a 62 
D 4 19 17 
Inoperable 2 12 14 
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PRIMARY CARCINOMA OF THE BLADDER 
1954-1957 
Hartford Hospital 


45 CASES 
28 LIVING 


lic. 4. Surgical treatment only. 


survival rate of all surgical cases according 
to staging. Twenty eight of the 39 patients 
with Stage A—B disease are presently living 

a survival rate of 72 per cent as com- 
pared with 100 per cent for cobalt 60 ir- 
radiation. All Stage C, D, and inoperable 
cases are dead. Table vit also shows a com- 
parison of the survival rates between the 
cobalt 60 irradiated series and the surgical 

Taste VII 
BLADDER CARCINOMA 


1954 
HARTFORD HOSPITAL 


1957 


ALL SURGICAL CASES 


Stage Alive Dead ver Cent 
Living 
A-B 28 11 
fs 
5 
Inoperable O 3 O 


ALL CASES TREATED BY COBALT 60 TELETHERAPY 


Stage Alive Dead Per Cent 
Living 
C 5 3 62 
D 4 
Inoperable 2 12 
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BLADDER CARCINOMA 


45 CASES 
28 LIVING 


A- B 


Staging of surgical cases. 
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series at Hartford Hospital, and it can be 
seen that the comparative figures are much 
better for the irradiation series. 

Whitmore and Marshall’ in 1953. re- 
ported their preliminary results with radi- 
cal cystectomy and pelvic exenteration. 
Their series is very similar to ours in that it 
is a three year study June, 1948 to May, 
Their minimum follow-up is one 
They reported re- 
cases from a total of 46 
radical cystectomies, and of these there is a 
71 per cent survival in the Stage A-B 
group, which is practically the same as for 
the surgical series at the Hartford Hospital, 
a 2§ per cent survival in the Stage C group, 
and a 10 per cent survival in the Stage D 
group. Their figures do not include a 15 
per cent postoperative mortality or those 
patients who died of uremia, unknown 
causes, and those lost to follow-up. 

In a similar period of time to that of our 
own series, they performed 53 pelvic ex- 
enterations for carcinoma of the bladder. 
They reported on only 37 patients from 
this group and their survival rate was 60 
per cent for Stage A—B lesions, 40 per cent 
for Stage C, and o per cent for Stage D. 
These figures do not include a 20 per cent 
postoperative mortality, patients 


Igfl. 
vear, the same as ours. 


sults of only 32 


those 


Teletherapy of Vesicle Cancer 113 


BLADDER CAR( 


NOMA 


( 60 Rad Pe it. 
Men 
lic. 6. Per cent survival in Stage A-B. 


lost to follow-up, and those dead of un- 


known causes. It is obvious, therefore, 
from these figures that radical surgery, 


which carries with it a major mortality 
rate and which gives only a moderate sur- 
vival rate, leaves something to be desired. 

We feel that a comparison of our cobalt 
60 irradiated series with those of Whitmore 
and Marshall is justifiable since the basis 
for staging has been the same and since 
they also reported a three year study with 
a minimum follow-up of one year and a 
maximum of slightly more than four years. 
They also presented a comparable number 
of patients. 

Figure 6 compares survival rates for co- 
balt 60 irradiation at the Hartford Hos- 
pital, surgery at the Hartford Hospital and 
radical cystectomy and pelvic exenteration 
at Memorial Hospital for Stage A-B 
lesions. Figure 7 shows the percentage sur- 
vival for Stage C, and Figure 8 for Stage D. 
Again, it can be seen from these figures 
that the results from irradiation in the 
treatment of all stages of carcinoma of the 
bladder at the Hartford Hospital with a ro- 
tating cobalt 60 technique are better than 
the surgical results in those comparable 
series of operative cases with which com- 
parison can be made 

Aside from end results and comparative 
figures, the value of palliation cannot be 
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overlooked as an important factor in al- 
leviating symptoms in many of these cases, 
even though a cure may not be obtained. 
There is often times a general improve- 
ment in urinary function, 
hematuria, relief from pain and other symp- 
tomatic improvements. Forty six of 55 pa- 
tients in our group, or 83 per cent, received 
some form of palliation after cobalt 60 
teletherapy. This in itself is a worthwhile 
result, since palliation with this therapy 
has been more satisfactory and complete 
than with conventional roentgen therapy. 

We cannot end this study without re- 
porting on complications. Good 
from any advocated form of therapy must 
be weighed against its disadvantages be- 
fore concluding that it is a better procedure 
than some other therapeutic modality. 
Twenty eight of the 55 patients in this 
group or $1 per cent developed mild cystitis 
and/or mild diarrhea which began during 
the third week of treatment. Both cleared 
rapidly with simple sconces drug 
therapy. There were, § patients, 
or g per cent, who dev eloped. more severe 
complications. Three of these 5 developed 


results 


however 


a hemorrhagic cystitis with severe fre- 
quency of urination. Two of these 3 pa- 


tients had received radon therapy prior to 
cobalt 60 irradiation. A total cystectomy) 
was necessary in the third patient for con- 
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trol of symptoms. The remaining 2 patients 
in this group of § had postirradiation bowel 
changes. Both are dead. One of these 2 had 
severe diarrhea following his treatment. 
He received [ZOOO0: TF in two 
6,000 r each, but he did not develop bowel 
signs until after a total of 8,000 r had been 
given. The bowel changes did not produce 
death of this patient but neither did heavy 
irradiation ameliorate his The 
other patient with bowel injury had a seg- 
mental resection of the bladder which was 
followed by a total cystectomy and an 
ileal bladder. He received 1x30 F tO the 
pelvis because of recurrent disease. At 
autopsy there was metastasis to the pelvic 
and aortic lymph nodes as well as to the 
liver. Twenty fistulae were found at post- 
mortem examination between loops of 
bowel in the pelvis. Two of the 55 patients 
developed rectal bleeding, but in each in- 
stance the bleeding was from the presence 
of disease and not from the effects of ir- 
radiation. In one of these patients rectal 
and vaginal bleeding developed after a 
small dose of only 2,0co r had been given, 
and it is unlikely that such a small dose 
would be responsible for rectal bleeding. 
In summarizing the complications, 9 per 
cent of all patients irradiated had compli- 
cations of either severe diarrhea or severe 
hemorrhagic cystitis. The 2 patients who 
developed severe bowel disturbance had re- 
ceived doses of radiation greater than the 


courses of 


disease. 
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usual 6,000 r to the tumor area in a period 
of six weeks. Two of the 3 patients with 
urinary tract complications had had prior 
radon seed implantation. 


SUMMARY AND CONCLUSIONS 


The results from treatment of carcinoma 
of the bladder with a rotational cobalt 60 
teletherapy unit at the Hartford Hospital 
over a three vear period of time have been 
presented. Survival rates have been com- 
pared with those of surgery at the Hart- 
ford Hospital over the same period of time 
and under the same conditions, and with 
similar reported surgical survivals from 
other institutions. Survival rates in the 
irradiated series of cases are superior to 
those from surgery in all stages of the dis- 
ease. 

Mortality and morbidity from irradia- 
tion and surgery have been discussed and 
compared as well as the selection of pa- 
tients for the two modalities. Irradiation 
for palliating symptoms of the disease is a 
worthwhile procedure. Complications due 
to irradiation are minimal 
ceiving primary irradiation. 

All of 10 patients irradiated who had 
Stage A-B lesions are living without dis- 


for those re- 


ease, a 100 per cent survival. 

live of 8 patients irradiated who had 
Stage C lesions are living without disease, 
a 62 per cent survival. 

Four of 23 patients who had Stage D 
lesions are living: 2 are living with disease 


Rotational Co” Teletherapy of Vesicle Cancer 


and 2 are clinically free of disease, a 17 per 
cent survival. 

Two of 14 patients who were inoperable 
are living with disease one and one-half and 
two and one-half vears, respectively, a4 
per cent survival. 


Harry H. Browne, M.D. 
Hartford Hospital 
Hartford, Connecticut 
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TREATMENT OF PAPILLOMATA OF THE BLADDER 
WITH RADIOACTIVE COLLOIDAL GOLD (Au')* 


By ROBERT J. 


DICKSON, M.D., and ERICH k. LANG, M.D. 


BALTIMORE, MARYLAND 


APILLOMATOSIS of the bladder is a 

distressing condition, both to the pa- 
tient and to his medical attendants. Many 
methods of treatment have been employed 
in the past but in few cases have good and 
lasting results been obtained. Local ful- 
guration of lesions improves the situation 
for a variable period of time but recurrences 
and new papillomata occur frequently, and 
after multiple fulgurations at ever decreas- 
ing intervals the surgeon is sometimes 
finally forced to remove the whole bladder 
because of extensive contracture and irrita- 
bility. Alternatively, frank malignancy 
may supervene and extensive surgery may 
become necessary. Attempts have been 
made to treat the entire bladder wall with 
substances such as phenol and podophyllin! 
but again these chemical irritants have not 
prevented the further formation of papil- 
lomata. 

Radiotherapists have been aware of the 
problem and have attempted by various 
methods to develop a satisfactory alterna- 
tive treatment to fulguration. The authors 
report the results in 21 cases treated by the 
instillation of radioactive colloidal gold as 
described by Ellis and Oliver.! 


RADIATION THERAPY 


The various methods of utilizing ioniz- 
ing radiations in papillomatosis of the 
bladder have been attended with disad- 
vantages. External roentgen therapy in the 
conventional 200 to 250 kv. range, in order 
to give an adequate tumoricidal dose, 
necessitates a large dose on the skin and in 
neighboring soft tissue structures, which 
leads to severe skin reactions and symp- 
toms of rectal and vesical irritation. Super- 
voltage and cobalt beam therapy produce 
less skin reaction but a large dose isstill 


* 


given to the normal tissues surrounding the 
bladder and this, together with the high 
dosage to the muscular wall, may lead to 
subsequent 40619 [rradia- 
tion of the bladder by intracavitary sources 
has been attempted with several different 
types of radiation. For many years central 
radium sources have been used and the re- 
sults of this therapy in the treatment of in- 
filtrating carcinoma of the bladder have 
recently been described by Friedman and 
Lewis. Much experience has been gained 
with this method and, judging by the re- 
sults reported, we can state that adequate 
dosage as achieved by any gamma emit- 
ter?’?:"! will result in undesirable side ettects 
such as cystitis and subsequent contraction 
and fibrosis of the bladder wall.'’ These 
effects were particularly evident in the 
follow-up of patients treated by the method 
developed at the Royal Marsden Hospital 
by Walton and Sinclair.2° They distended 
the bag of a 30 cc. Foley catheter with a 
solution of radioactive sodium or bromine, 
which was left in place for the time calcu- 
lated to give the desired dose and then re- 
moved. The treatment was repeated on one 
or two occasions and, although the initial 
results were encouraging, cystectomy be- 
came necessary because of subsequent con- 
tracture in a very high percentage of cases. 
Gamma emitters by virtue of the high 
penetration of the radiation have the ad- 
vantage of delivering a relatively homo- 
geneous dose to the mucosa and to the 
muscular wall of the bladder and are there- 
fore useful for the treatment of infiltrative 
lesions, but for the control of superficial 
papillomatosis the radiation is evidently 
unnecessarily penetrating. 

Beta emitters have the advantage of a 
high dosage of radiation to the bladder 
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TABLE | 


COMPARISON OF PHYSICAL PROPERTIES OF RADIO- 
ACTIVE ISOTOPES USED IN THE TREAT- 
MENT OF BLADDER PAPILLOMAS 


Maximum Beta 


Isotope Half Life Particle Range 
in 

As" 26.8 hr. mm. 

61 hr. 11.0 mm. 

in 129 da. 3.0mm. (av.) 

ps 14.3 da. 8.O mm. 

2.69 da. 3.8 mm. 

Na*™ 15.06 hr. 6.4mm. 


mucosa with a rapid fall-offin the depth of 


the muscular wall. Table 1 shows the maxi- 


mum range of the beta particles in water of 


various beta emitters which might be con- 
sidered for the treatment of superficial 
papillomatosis. Arsenic 76 has the highest 
energy beta emission and will in fact give a 


substantial dose to the submucosal area of 


the bladder.'* Yttrium go® and phosphorus 
32" have beta particles of the range in 
tissue which is desired, but radioactive gold 
appears to have advantages over these two 
RADIOACTIVE GOLD 

Radioactive gold is primarily a_ beta 
emitter, only 5 per cent of the radiation 
being in the form of gamma rays of 0.12 
and 0.41 mev. energy. The depth dose of 
the beta radiation falls to 50 per cent at 
0.3 to 0.4 mm. with a maximum range in 
tissue of 3.8 mm. The fall-off of radiation in 
depth is therefore very rapid (Fig. 1) and 


the dose delivered to the muscular wall of 


the bladder is a small fraction only of the 
mucosal dose, thus theoretically reducing 
the risk of subsequent contracture. It is 
evident that if the thickness of a distended 
rubber balloon were interposed between 
the radioactive solution and the bladder 
wall a considerable absorption of radiation 
would occur and a much smaller dose 
would be delivered to the bladder wall. 
Fortunately, radioactive gold can be pre- 
pared in a stable colloidal solution with 
particle size such that no absorption of the 
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‘ic. 1. Depth doses for intracavitary radioisotopes 
in the treatment of bladder papillomas (volumes 
100 cCc.). 


radioactive material will occur through the 
intact mucosa. At the present time neither 
phosphorus 32 nor yttrium 90 have been 
prepared in colloidal form sufficiently 
stable that no precipitation will occur. 
Kurthermore, by avoiding the use of a dis- 
tended bag, the papillomata can be floated 
free in the solution and not pressed against 
the bladder wall. The limiting factor in 
penetration of radiation is then the diam- 
eter of the pedicle of the papilloma and not 
the thickness of the lesion itself. A third 
advantage of radioactive gold over other 
substances is the possession of a gamma 
radiation. This gamma emission enables 
one to check the surface of the body sub- 
sequent to the instillation of the fluid for 
any residual radioactive material. With a 
pure beta emitter this monitoring would be 
impossible. The half-life of radioactive gold 
is only 2.7 days and the relatively low 
energy gamma emission entails only a 
small radioactive hazard to the operator 
during the instillation of the fluid. 


METHOD OF TREATMENT 


The radioactive gold solution is intro- 
duced into the “yey in a direct fashion 
(Fig. 2). A small 5 cc. Foley catheter is in- 
serted into the bl: ine and the balloon in- 
flated. The catheter is then pulled down to 
prevent reflux of the radioactive material 
into the urethra. The radioactive gold is 
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Fic. 2. Set-up for instillation of radioactive 
colloidal gold in the bladder. 


displaced from the lead-lined container 


with normal saline solution, using a volume 
which will distend the bladder sufficiently 
to unfold and float the papillomata, but 
not cause any discomfort to the patient. 
The estimated capacity of the bladder is 
determined beforehand at cystoscopy and 
cystometry, and a slightly smaller volume 
than this estimate is used to dilute the 
radioactive material. After the fluid has 
been flushed into the bladder, the T-tube 
attachment can be ligated and securely tied 
to prevent leakage. The other side of the 
T-tube arrangement has been previously 
clamped. The storage and infusion system 
contaminated with radioactive solution 
can now be discarded. The gold remains in 
the bladder for an average time of two to 
three hours or as long as can be tolerated. 
The patient has previously been prepared 
by withholding fluid for at least twelve 
hours, and if this preparation has been 
adequate we have found only minimal dilu- 
tion of the radioactive material by urinary 
secretion. In instances when the patient’s 
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bladder has been very irritable, spinal 
anesthesia has been emploved to allow re- 
tention of the fluid for an adequate length 
of time. The dosage delivered to the blad- 
der mucosa is calculated from a nomogram 
based upon the mean volume of the solu- 
tion in the bladder (Ellis and Oliver!). This 
calculated dose is only an approximation 
and more accurate measurements could be 
made by sampling the solution in the blad- 
der at regular intervals during the treat- 
ment with exact calculation of its dilution.” 
This investigation, however, would entail 
further exposure of personnel, with more in- 
volved calculation. We have not employed 
this method as we are satisfied that the 
nomogram gives a_ reasonably accurate 
estimation of the dosage. We have at- 
tempted to give 3,000 rep to the bladder 
during each application, and, 
when this calculated dosage has been de- 
livered, the radioactive solution and urine 
are removed by unclamping the second por- 
tion of the T-tube attachment. The fluid is 
drained into a lead shielded container 
which is removed and the radioactive gold 
allowed to decay. The bladder is then 
thoroughly rinsed with isotonic saline solu- 
tion, the washing continuing until the re- 
turn of fluid fails to show any radioactivity. 
The patient is hospitalized for twenty-four 
hours during which time all urine is col- 
lected and subsequently monitored. Any 
remaining radioactivity in the bladder can 
be estimated by counting the gamma emis- 
sion in the suprapubic area, but in our ex- 
perience we have not found any appreci- 
able residual activity in any of the patients 
after twelve hours. The colloidal solution is 
not precipitated in the normal range of pH 
in the bladder and, assuming that there is 
no bleeding surface, there should be no ab- 
sorption from the bladder wall. This was 
confirmed by scanning the abdomen twenty- 
four hours after the procedure. A roent- 
genogram using a radiopaque medium to 
dilute the gold showed no reflux into the 
ureters. In some patients this was con- 
firmed by scanograms obtained during the 
procedure. 


mucosa 
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Following the treatment there is usually 
a mild cystitis for a period of seven to ten 
days which is readily controlled with uri- 
nary sedatives. The patient is re-admitted 
to the hospital approximately 
later; 
by cystoscopy and the treatment repeated. 
If the dosage from these two applications 
approximates 6,000 rep, we do not repeat 
the treatment. On some occasions, because 
of excessive irritability of the bladder and 
inability to retain the fluid tor the desired 
length of time, the optimum dosage is not 
delivered and in these instances a third ap- 
plication of radioactive solution may be 
necessary at a later date. 


eight weeks 
the state ot the bladder is examined 


SELECTION OF PATIENTS 


The phy sical properties of Au!®* limit the 
application of this treatment to lesions 
which are very superficial. With a maxi- 
mum penetration of 3.8 mm. of the beta 
radiation, it 1s evident that infiltration 
deeper than this level will be unaffected by 
radioactive gold, and even at this depth 
only a very small percentage of the dose 
will be delivered. Flat lesions limited to the 
mucosa of the bladder and papillomata, the 
pedicles of which do not exceed 2 mm. in 
diameter, are therefore suitable for this 
form of therapy. The so per cent depth 
dose of radiogold is at approximi itely 0.4 
mm.; thus if the papilloma is floating in the 
solution, the central blood supply in the 
pedicle will receive from throughout the 
circumference a dose of more than 100 per 
cent. Histologic: ally, these 
lesions will fall in the Jewett and Strong 
classification of Stage O® and clinically the 
superficial neoplasias will present on cysto- 
scopic examination as areas of streaky red- 
dening of the mucosa or as multiple small 
benign papillomata. We have also treated 
some patients with noninvasive transi- 
tional cell carcinoma, provided that the 
lesion has not infiltrated beyond the sub- 
In the majority of instances, it is 
possible to determine this degree of infiltra- 
tion clinically. If the papillomata are par- 
ticularly large and if it is felt that the 


two 


mucosa. 
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types ot 


LIg 


in diam- 
eter, they are excised with an electrocau- 
tery prior to the administration of the 
radioactive gold. Our experience indicates 
that the reaction from this surgery should 


pedicle is more than about 2 mm. 


be allowed to subside before applying the 
radioactive solution. 


RESULTS OF TREATMENT 


A total number of 21 patients has been 
treated sufficiently long to warrant an in- 
termediate evaluation of the results. At 
least six months have elapsed since the com- 
pletion of the initial treatment. Six of these 
patients were females and 15 were males. 
The possibility of evaluating the results 
from the standpoint of a prolongation of 
the interval 


sidered; 


before recurrence was con- 
however, tabulation of the recur- 
the histories of the patients 
revealed such a variability that the figures 
were deemed to be of little value. In this 
preliminary report we preferred to present 
the periods of freedom from recurrence 
rather than to establish a true statistical 
deviation from the preoperative time. 
lable 11 shows a breakdown of the patients 
according to the Jewett-Strong classifica- 


rences 1n 


tion. Seventeen cases of Stage O have been 
treated and 14 of these have showed im- 
provement in the state of the bladder for 
periods rr anging from six months to three 
and one-half years. Eleven of these Ms have 
remained free of recurrences but 2 later 
developed infiltrative malignant lesions at 
the bladder neck. In both of these cases the 
bladder remained free of papillomata. The 
other case showed an essentially normal 
bladder fourteen months after the last gold 


TaB_e I] 


21 CASES TREATED WITH AU!*S AND FOL- 
LOWED FOR A PERIOD OF SIX MONTHS 


ANALYSIS OF 


rO THREE AND ONE-HALF YEARS 


Total No. Not 


Stage Improved 
of Cases Improved 
O 17 14 3 
A 2 I I 
B, 2 2 
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treatment but new papillary tumors were 
noted in subsequent re-examinations. This 
particular man, interestingly, is a patient 
with chronic beta naphthalin poisoning 
and the recurrent tumors are thought to be 
secondary to the chronic irritation caused 
by the dye and in essence represent new 
tumors. Three of the Stage O cases showed 
no apparent response. One of these had a 
markedly contracted and irritable bladder 
and a calculated dose of only 3,000 rep was 
delivered to the mucosa in two treatments. 
This patient is considered to have had an 
incomplete course of treatment. The other 
2 patients were treated on two and three 
occasions, respectively, with a total dosage 
exceeding 6,000 rep but the papillomata 
continued to recur. It is of some interest 
that 2 of the 3 cases had been followed pre- 
viously with repeated fulguration for pe- 
riods of sixteen and eighteen years, re- 
spectively. It should be stressed that this 
study was considered experimental and the 
patients who were treated had received 
multiple fulgurations in the past, frequent- 
ly with resultant bladder contracture. 

Two patients with a clinical and path- 
ologic classification of Stage A were also 
treated. One patient shows marked im- 
provement eighteen months after the gold 
therapy was instituted. The bladder re- 
mained entirely free of recurrent papil- 
lomata for a period of four months, but 
subsequent fulgurations were occasionally 
necessary to destroy a few small recurrent 
tumors. It was, however, noted that the 
rate of recurrence and extent of these 
papillomata were markedly checked after 
the application of radioactive gold in both 
patients, although one case later showed 
recurrence at the vesical neck, which sug- 
gests underdosage in this area. 


The limitations of the application of 


radioactive gold are well demonstrated by 
the fact that it was unable to check the dis- 
ease in either of the patients with a classifi- 
cation of B, or higher. In these 2 cases the 
disease progressed in an unaltered course 
and fashion, and in both cystectomy was 
necessary. The pathologic slides showed 
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massive infiltration of the submucosa as 
well as the muscularis of the bladder. The 
tumor cell mass in the muscularis was 
clearly out of reach of the beta radiation 
and a section of the bladder wall from one 
of these cases clearly demonstrated the 
superficial effect of the radiation and the 
unaffected tumor in the muscular layer 
(Fig. 3). 
COMPLICATIONS 

Several patients developed reactions and 
complications of some severity following 
treatment. The most frequent complaints 
were of cystitis in 5 cases and of anteri- 
or urethritis in 3. One of the patients 
with severe cystitis showed a marked 
localized slough which necessitated a seg- 
mental resection, but this was thought to 
be secondary to extensive coagulation dur- 
ing a fulguration procedure immediately 
prior to the administration of gold. One 
patient had to have an ileal loop and 


ic. 3. Photomicrograph of a bladder removed after 
the application of radioactive gold shows the 
marked effect of the radiation on the mucosa. 
Note the unaffected tumor cell nests in the muscu- 
laris. 


~ 
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TaB_Le II] 
INCIDENCE RATE AND TYPES OF COMPLICATIONS AFTER AU!9%* APPLICATIONS 


Dosage Delivered to Bladder Mucosa 


Stage 3,000 rep 3},000-6,000 rep 6,090-g,099 rep g,000-12,000 rep 

O J,O,¢ 9, Oy C, aT J, C, 

A u 

B, a 


=no apparent reaction to the Au!’ 
= cystitis. 


treatment. 


a= anterior urethritis. 
u= ulceration of the bladder mucosa. 

* Developed a stricture of the anterior urethra 
+ Developed calcific cystitis and 


contracture. 

cystectomy because of intractable calcific 
cystitis. In the other 3 patients and in 2 
who had_ localized conservative 
treatment has resulted in healing. Urethri- 
tis was encountered in cases where the clin- 
ical observation of leakage of the radioac- 
tive solution around the Foley catheter was 
made. In one case the urethritis proceeded 
to stricture formation and dilatation has 
been necessary, but in the other patients 
conservative therapy has been successful. 
In addition to these complications, it has 
been noted that in patients with bladders 
already contracted by extensive fulgura- 
tions some further reduction in capacity 
followed the administration of radioactive 
gold. This was observed in § patients in all, 
but the contracture was severe in only one. 


ulcers, 


There was little correlation between the 
dosage administered to the bladder wall 
and the incidence of complications (Table 
III). 

DISADVANTAGES 

As a result of our experience over a three 
vear period, the chief disadvantages of this 
method of treatment were noted to be as 
follows: 

1. It is sometimes impossible from clini- 
cal examination alone to be certain of the 
degree of infiltration of the tumors in all 
areas of the bladder. This is particularly 
true around the vesical neck. 

2. In at least 2 of our cases, recurrence 
of papillomata has occurred at the vesical 
neck in an area which is shielded from the 


colloidal solution by the presence of the 
distended Foley bag. Ellis and Oliver in 
their original paper recommended the in- 
sertion of a central source of cobalt 60 to 
irradiate this area, but we are more in- 
clined to use the less penetrating radiation 
of radioactive gold. In future cases it is pro- 
posed to distend the bag with an undiluted 
solution of gold and make allowances for 
the absorption of the beta radiation in the 
rubber bag when calculating the dosage to 
be delivered. 

3. The apparatus used for the instilla- 
tion of the gold still appears to be some- 
what cumbersome and, unless considerable 
care 1s taken, some of the gold may remain 
outside the bladder in the infusion ap- 
paratus. This technique was, however, ar- 
rived at after trial with many other 
methods. It does have the advantage that 
instillation and removal of the gold can be 
accomplished without having to change 
the tubing or catheter. 

4. The complications as a result of treat- 
ment have been not inconsiderable. It is our 
feeling that these complications have most 
commonly occurred when the application 
of gold has followed immediately after a 
surgical procedure, and we now recommend 
that the reaction following fulguration 
should be allowed to subside before the gold 
is applied. It should be realized that con- 
tracted, irritable bladders were present 
prior to the application of radioactive gold 
in several of the patients. 


SUMMARY 


The experience gained at The Johns 
Hopkins Hospital in the treatment of papil- 
lomatosis of the bladder with radioactive 
colloidal gold is reported. Out of 21 pa- 
tients whose treatment was completed 
more than six months ago, 17 were in 
Stage O and 14 of these showed encouraging 
results; these patients remained free of re- 
currence for up to three and one-half years. 
In the more infiltrative lesions little benefit 
was obtained. 

The technique of treatment, the limita- 
tions and disadvantages of the present 
method and possible improvements of this 
form of therapy are described. 

It is too early fully to evaluate the re- 
sponse of papillomata of the bladder to this 
treatment as the natural history of this 
condition is so variable, but the results to 
date are sufficiently encouraging that 
further cases, preferably earlier in their 
evolution than those in the present series, 
should be subjected to radioactive colloidal 
gold instillation. 


Robert J. Dickson, M.D. 
Department of Radiology 
The Johns Hopkins Hospital 
Baltimore 5, Maryland 
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EPORTS from other laboratories of ex- 
perimental studies with S* indicate a 
retention or metabolic 
turnover of sulfate in cartilaginous tissue. 
This led to the present study of inhibiting 
growth of cartilaginous tissue with S*® and 
to the administration of the one curie dose 
of S® to a human patient with an inoper- 
able, well differentiated chondrosarcoma. 
Cartilaginous tissue is unique in that it 
contains an intercellular matrix in which a 
large amount of chondroitin sulfate is 
bound to protein.'!? The incorporation of 
inorganic S* into organically bound sulfate 
in this matrix is greater at sites of growth 
in the cartilage of young animals or in ani- 
mals stimulated with growth hormone.*:*: 
The incorporation of inorganic S® as organ- 
ically bound sulfate in cartilage is a meta- 
bolic activity of the chondrocyte and not 
merely a phenomenon of chemical ex- 
change.*+® Autoradiographs made from 
animals receiving inorganic S* at different 
intervals prior to sacrifice demonstrate the 
localization of S*® in the chondrocyte prior 
to its appearance in the intercellular ma- 
The vitro incorporation of S® 
into human neoplastic tissue similar to 
cartilage is greater than in other human 
tissues.!! The concentration of radioactive 
sulfur has been demonstrated to be greater 
in chondrosarcoma of man than in normal 
cartilage, skin, bone marrow and other 


selective slower 


tissues studied.** If the total amount of 
inorganic S*® administered to experimental 
animals is sufficient, the high uptake and 
incorporation of the inorganic S* into or- 
ganically bound sulfate in the cartilaginous 
matrix of the epiphyses and other sites 
of cartilage growth is followed by selective 
destruction of the cartilage at the sites of 
greatest growth (Fig. Radiation 
changes limited to the sites of greatest 
growth of the cartilage can be effected with 
less than lethal doses of S*. Histologic 
changes produced in the cartilage by S® are 
very similar to the histologic changes pro- 
duced in cartilage by external roentgen 
irradiation. No cicatrix was produced by 
S*® in adjacent bone and soft tissue. 
Damage to adjacent tissue accompanies 
external roentgen irradiation changes of 
equal severity in the cartilage. These ob- 
servations led to the conclusion that S® 
might have a growth retarding effect in 
human chondrosarcoma and that a clinical 
trial was warranted in a patient with ad- 
vanced inoperable chondrosarcoma. It was 
anticipated from the results of previously 
reported animal studies '!°"'® that the 
greatest hazard would be to the hemato- 
poietic system. 


REPORT OF A CASE 


J. B., (Clinical Center unit #D1-13-15), a 
forty-two year old white man, was admitted to 


* From the National Cancer Institute, National Institutes of Health, United States Public Health Service, Department of Health, 


Education, and Welfare, Bethesda, Maryland. 
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+ Chief, Radiation Branch, National Cancer Institute. 
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§ Radiation Branch, National Cancer Institute. 
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Fic. 1. Mounted skeletons of S* injected rat which received 0.3 mc/gm. at three weeks of age and of normal 
control rat. At six months after the administration of S* to the treated rat the animals were sacrificed and 
these skeleton preparations obtained. Note the dwarfing and bony deformities in the S® injected rat. 
(Reproduced by permission from Radiology, 1957, 69, 711-719.) 


the Radiation Therapy Service of the Radiation 
Branch of the National Cancer Institute in 
April, 1957. 
chondrosarcoma of the right lumbosacral region 
had been made. 

The patient’s history revealed that he was in 
good health until September, 1952, when he 
noted the onset of intermittent right hip pain. 
This became continuous and progressively more 
severe. In March, 1953, swelling appeared in the 
right paravertebral lumbar region and surgical 
resection was attempted. A cartilaginous tumor 
involving the right transverse process of the 
fifth lumbar vertebra was found. The pathologic 
diagnosis reported on this excision biopsy was 
chondroma. After this the patient was well 
until July, 1953, at which time there was re- 
currence of the swelling in the right paraverte- 
bral lumbar region. In January, 1954, the tumor 


was again excised. The pathologic diagnosis of 


this excision biopsy was chondrosarcoma. The 
patient was given 4,000 r of medium voltage 
roentgen rays to the tumor. Relief of pain fol- 
lowed and the patient resumed normal life 
until there was again recurrence of the tumor 
in October, 1954. For this, a partial resection 
was done. This relieved the patient of pain 
until July, 1955, at which time he was seen 
initially at the National Cancer Institute. 
Following admission to the National Cancer 
Institute, it was decided that further treatment 
with external radiation or surgery could not 


A histopathologic diagnosis of 


benefit this patient. No further treatment was 
given on this first admission. At the time of dis- 
charge, he continued to complain of pain which 
was controlled with 60 mg. of codeine orally 
four times a day. During the next twelve 
months, the tumor increased in size and the 
patient required larger doses of narcotics. Sub- 
cutaneous nodules of tumor developed on the 
lower trunk posteriorly. 

In August of 1956 the patient was re-ad 
mitted to the National Cancer Institute and a 
hypophysectomy was done. For a short time, he 
seemed improved; however, there was no re 
duction in the size of the subcutaneous tumor 
nodules present on the lower trunk. These 
nodules increased in size and the patient be 
came unable to move his right leg. He developed 
fecal and urinary incontinence. For the defi- 
ciency of adrenal gland and thyroid gland hor- 
mones, which developed following hypophy- 
sectomy, the patient has been maintained con- 
tinuously on oral cortisone (25 mg. three times 
a day) and oral tri-iodothyronine (50 micro- 
grams, once a day). No other substitution ther- 
apy has been required. 

In April, 1957, the patient was transferred to 
the Radiation Therapy Service. At this time 
he had fecal and urinary incontinence, anes- 
thesia of the right leg, hypesthesia of the left 
leg, and the surgical scars in the right lumbar 
paravertebral space. In this region there were 
four subcutaneous chondrosarcomatous nod- 
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Kic. 2. Chondrosarcoma. Photograph of lesion in 
lumbosacral region at the time of admission to the 
Radiation Therapy Service. 


ules. One of the nodules was necrotic and ulcer- 
ated. A photograph of the lesion at this time 1s 
shown in Figure 2; the roentgenogram in Fig- 
ure 3; and a photomicrograph of the tumor in 
Figure 4. 

During May and August of 1957 the patient 
was given tracer doses of 8.8 me and 1.0 me of 
S*, The rate of urinary excretion, blood levels, 
tumor concentration, and skin concentration 
of the radioactive isotope were determined. 
These values are plotted in Figures $5, 6, and 7. 
It was then decided, with the approval of the 
Radiation Committee of the National Insti- 
tutes of Health and of an ad hoc research com- 
mittee of the National Cancer Institute, to 
administer 1 curie of S*® in three increments at 
ten to twelve day intervals for therapeutic 
purposes. 

Before the administration of this large dose of 
S* the patient had a complete hematologic 
study, including erythrokinetics of the vascular 
pool with Fe®*. Data from these control period 
hematologic studies (October, 1957) plotted in 
Figure 8 are within normal limits. The ery- 
throkinetic study indicated increased red blood 
cell destruction. Blood chemical studies ob- 
tained were within normal limits. Roentgeno- 


Fic. 3. Chondrosarcoma. Roentgenogram of lesion 
in lumbosacral region. 


graphic survey of the skeleton and chest showed 
the chondrosarcoma in the right lumbosacral 
region as the only significant finding. A neuro- 
logic examination revealed anesthesia in the 
right leg and hypesthesia in the left leg. An 


Fic. 4. Chondrosarcoma. Biopsy of the patient’s 
chondrosarcoma made prior to admission to the 


Clinical Center of the National Institutes of 
Health. This photomicrograph demonstrates ab- 
normal nuclei with variation in size and chromatin 
pattern. Some of the cells are multinucleated. The 
tumor cells are surrounded by an abundant 
amount of matrix which resembles the matrix of 
normal cartilage (hematoxylin and eosin, X 210). 
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Fic. 5. The urinary excretion of small doses of S*. 


ophthalmologic examination revealed no opaci- 
ties in the refractive media of either eye. After 
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lic. 6. The blood levels of S** following small doses. 
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and skin following a small dose. 


the completion of these studies, the patient was 
then given 1 curie of S*® in three increments, 
294.6 mc on November 4, 350 mc on November 
14, and 353 mc on November 26, 1957. 

S* was administered to the patient as carrier- 
free sulfate, HsSO,, in HCI and NaCl solution. 
Final concentration of the radioisotope was of 
the order of 1.3 mc/ml. with a pH of 4.5 to §.5. 
Administration of the radioisotope was by vein. 
Pyrogen and sterility tests were performed on 
all doses. There were no immediate reactions 
following the S* injections. 

The rate of urinary excretion, the blood levels, 
tumor concentration, normal rib concentration, 
and skin concentration of S* were determined 
and these results are plotted in Figures 9, 10, 
and 11. Before the aspiration of bone marrow 
forty-eight hours after administration of the 
third and last increment of S*, Cr*! labeled 
red blood cells were administered. This was 
done in order to determine the degree to which 
the bone marrow aspirate was diluted with 
peripheral blood. An adaptation of the method 
of Berlin, Hennessy, and Gartland? was fol- 
lowed. 

During the period of administration of the 
S*® the patient had no new symptoms. On Dec- 
ember 6 he was depressed and lethargic. At this 
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ic. 8. The hematological data preceding and following large doses of S*. 


time the peripheral blood cell counts were low. cytes. On December 9 the peripheral counts 
A bone marrow specimen obtained on this day were 1,500 leukocytes per cubic mm.; 17,000 
was reported as being extremely hypocellular platelets per cubic mm. The hemoglobin was 
and almost completely devoid of megakaryo- 7.1 gm. per cent (Fig. 8). The patient was fe- 
brile. The only localized site of infection found 
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Fic. 9. The urinary excretion of large doses of S*®. Fic. 10. The blood levels of S* following large doses. 
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was a necrotic tumor nodule on the back. 
Previous culture of an ulcerated tumor nodule 
had shown various pathogenic organisms in- 
cluding Pseudomonas aeruginosa and Staphy- 
lococcus hemolyticus. The patient was placed on 
chloramphenicol and erythromycin. On Dec- 
ember 12 pneumonic consolidation of the lingu- 
lar portion of the left lung was demonstrated on 
roentgenograms. The fever persisted and intra- 
venous penicillin was given. At the same time 
a very small amount of blood was passed per 
rectum. The platelet count was observed to be 
g,800. During the next three days 2,500 ml. of 
fresh blood was given. The peripheral blood cell 
counts did not decrease further and on Decem- 
ber 17 they began to increase (Fig. 8). During 
the next two weeks the increase in the periph- 
eral blood cell counts toward normal was rapid 
and by the end of December they were near the 
pretreatment values. At the time of the sever- 
est hematologic depression, no nausea, vomiting 
or diarrhea occurred. 

Following the hematologic recovery, the 
patient improved symptomatically and exper- 
ienced relief of pain. 

Before the administration of S*® there had 
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been continuous growth of the subcutaneous 
nodules of the chondrosarcoma. With the ad- 
ministration of the S*, growth ceased for a 
period of five months and the ulcerated sur- 
faces of the tumor healed (Fig. 12). At the end 
of May, 1958, the nodules of tumor began to 
increase in size again. With the recurrence of 
growth, pain and the need for narcotics has 
returned. Pneumonia developed recurrently 
since January, 1958. Staphylococcus aureus or- 
ganisms which were coagulase positive and 
erythromycin sensitive were isolated. A large 
right decubitus ulcer has been treated by exci- 
sion and skin grafting. The peripheral leuko- 
cyte count has remained at approximately 
8,000 per cubic mm.; the platelet count at ap- 
proximately 300,000 per cubic mm.; and the 
hemoglobin at 11 gm. per cent. 


DOSIMETRY* 


Rapid excretion of S*® in the urine and 
rapid removal from the blood was observed 
after each of the injections (Fig. 5, 6, 9 and 
10). The graphs of the urine excretion and 
blood concentration suggest that excretion 
is a composite of two or more processes: 
one a process of rapid removal of the radio- 
isotope; and the other a slower process of 
removal over an extended period from a 
more stable pool. The concentration of S*® 
in the bone marrow was determined with 
the tracer doses. These analyses showed 
that the concentration in the bone marrow 
was about equal to that in the blood. These 
results could be interpreted to mean that 
the bone marrow specimens were diluted 
with blood. Autoradiographs of smears of 
bone marrow taken twenty-four hours after 
the administration of 294.6 mc of S® 
showed the highest concentration of S* to 
be in megakaryocytes (Fig. 13). Autoradio- 
graphs of peripheral blood demonstrated 
radioactivity in circulating platelets after 
the third day following the administration 
of S*, In interpreting analyses of the bone 
marrow following the large doses of S*, the 


* The preparation and radioactivity assay of specimens were 
done as follows: Urine: infinitely thin, dried, diluted aliquots; 
blood: infinitely thick, dried aliquots; tissue: digestion (HNQOs), 
precipitation with Ba, filtration, precipitate counted as infinitely 
thick specimen. The S** counting was performed in a gas-flow 
windowless counter. 
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Fic. 12. Chondrosarcoma. Photograph of lesion in 
lumbosacral region three months after 1 curie of S®. 


radiation dose to the bone marrow was 
assessed by deriving a bone marrow blood- 
dilution factor using Cr*! labeled red blood 
cells. Thus the degree of dilution of th 
bone marrow specimens by blood could be 
determined. The percentage dilution of the 
bone marrow specimen by blood is assumed 
to be equal to the following: 


Cr®! counts per min./ml. of bone marrow 
X 100 


Cr®! counts per min./ml. of blood 
By making appropriate corrections for bone 
marrow dilution by blood, the S* content 
of the bone marrow so determined can be 
compared with the S® content of a blood 
sample removed simultaneously. A bone 
marrow to blood S®* concentration ratio can 
then be derived. Only one such study was 
performed in this patient. This was done 
forty-eight hours after the administration 
of the third and last increment of the 1 curie 
dose. The bone marrow-blood concentra- 
tion ratio of S*® was found to be 3.5 at this 
time. This ratio was used to estimate the 
bone marrow dose from the dose to the 


Effects of S*® Administered Intravenously 


lic. 13. This photomicrograph is of an autoradio- 
graph prepared from a film of bone marrow secured 
by sternal aspiration twenty-four hours following 
the administration of S*. Note the greatest con- 
centration of developed grains of silver indicating 
radioactivity over the megakaryocyte in the center 
of this photomicrograph. Other hematopoietic 
cells in this photomicrograph are overlaid with 
more developed grains than are seen in the acel- 
lular areas of the preparation but the number of 
developed grains over these cells is much less than 
the number of grains seen overlying the mega- 
karyocyte (azure-eosin, 460). This autoradio- 
graph was prepared by overlaying a dried film of 
bone marrow with liquid NTB-3 nuclear tract 
emulsion. The exposure time for this preparation 
was forty-eight days. 


blood. The dose to the blood was deter- 
mined by plotting the average values of the 
three blood level plots shown in Figure to. 
The resulting plot is shown in Figure 14. It 
consists of two exponentials, labeled A and 
B, and the dose to the blood was derived 
from these.t Computed in this manner the 
dose to the blood was found to be 0.073 rad 
per mc of S* administered. Assuming that 
the ratio of concentration of S* in the bone 


+ Radiation dose to blood as determined from Figure 14: 
Dose from A: 

Co =.c275 wc/ml. For p (density)=1, Co=.0 

adm. 
= 0.35 days 
Dg =73.8X .0§ X .0275X0.35 
= .0365 rad/mc adm. 

Dose from B: 

Co = 


275 mec gm.;mec 


.0018 wce/ml. For p (density) =1, C,=.0c18 ywe/gm./me 
adm. 
5.6 days 
Dg =73.8X .05 X .0o18X 5.6 
= .0372 rad/mc adm. 
Total Dose, A+B, to Blood: 
Dg = .0355+.0372= .073 rad/me adm. 
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Fic. 14. The resolution of the blood levels of Figure 
10 for the dosimetry of the blood irradiation fol- 
lowing large doses of S*. (See text and footnote, 
page 129.) 


marrow to the concentration of S* in the 
blood is constant, 3.5, the computed dose 
to the bone marrow was 0.255 rad per mc, 
or 266 rad for the total dose of S* adminis- 
tered. 

Numerous radioactivity assays of the 
tumor tissue showed that the concentra- 
tion of S® varied. Very low concentrations 
were found in tissue specimens with gross 
characteristics suggesting necrosis and 
hemorrhage. Assay values for tumor tissue 
with these gross characteristics are not 1n- 
cluded in either the tabulated or the plotted 
data. Mean radioactivity assay values for 

t Two other cases, one a case of chondrosarcoma and the other 
a case of chordoma, have been studied in respect to the bone 
marrow dose of $* by Cr*! red blood cell labeling and ra lioactivity 
assav of bone marrow and blood for both Cr®! and S*® following 
0.5 me doses of Cr®! labeled red blood cells and 1c me doses of 
S%, It was possible to do serial determinations of the concentra- 
tion of S* in these cases and such determinations were made on 
the fourth, fifteenth and thirty-fifth day after the administration 
of the tracer doses. Initial concentrations and effective half-lives 
were similar in the 2 patients and the measured doses (in con- 


tradistinction to the derived dose, above) were 0.26 rad per mc 
and 0.22 rad per mc of S%* administered. 
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other specimens of tumor tissue, normal 
rib cartilage, and skin are shown in Table 1. 
The ratios of the concentration of the radio- 
isotope 1n tumor tissue to the concentration 
in normal rib cartilage and skin are ap- 
proximately 11 and 25, respectively. Radia- 
tion doses to the tumor tissue, normal rib 
cartilage, and skin were determined by the 
appropriate treatment of the data plotted 
in Figure 11.§ These doses were found to 
be, in round numbers, 11,000, 1,000, and 
280 rad, respectively. 


AUTORADIOGRAPHS 

Autoradiographs were prepared from all 
of the biopsies of tumor which were studied 
histologically and radiochemically. Tissues 
were fixed in an acid fixative and embedded 
in paraffin. To observe the gross pattern 
and to make a more quantitative estima- 
tion of uptake, unstained sections and 
parafin blocks were placed adjacent to 
Kodak No-screen X-ray film. Histologic 

§ Tumor Dosimetry. Dose based on wet weight. A: Assumed 


concentration is average of first two biopsies and constant for 
twenty-nine days. 


50.0+86.9 


= 68.45 uc/gm. 


Dg= §1.2X .0§X 68.45 X 29 
= $081.7 rad. 


B: Remainder of dose assumed to be due to concentration de- 
termined by second biopsy and simple exponential reduction to 
concentration determined by third biopsy. 

86.9 uc /gm. 
Teg = 19 days 
Dg= 73.8X .0§ X 86.9X 19 
= 6092.6 rad. 
Total Dg= 5081.7+6092.6= 11,174 rad. 


Cartilage Dosimetry. Same assumptions as for tumor 


7.1 
A: Co= = 6.05 uc/gm. 
Dg= 51.2X .0§X 6.05 X 29 
= 449 rad. 
B: Co= 7.1 wc/gm. 


Tejg= 21 days 
Dg= 73.8X .05X7.1X 21 
= $50.2 rad. 


Total D3= 449+ 550= 999 rad. 


Skin Dosimetry. Same assumptions as for tumor. 


2.8+2.6 
A — = 2.7 uc/gm. 
Dg= §1.2X .05 X 2.7X 29 
= 200.5 rad. 
B: Co= 2.6 uc/gm. 


Teff= 8 days 
Dg= 73.8X .05X2.6X 8 
= 76.7 rad. 
Total Dg=200.5+-76.7= 277.2 rad. 
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Effects of S** Administered Intravenously 


TABLE 


CONCENTRATION OF S*5 IN VARIOUS TISSUES/uc/gm. (WET WEIGHT) 


Dose 
Biopsy Date 
Date me 
November 4, 1957 295 November 6, 1957 
November 14, 1957 350 
November 26, 1957 353 December 2, 1957 


January 9, 1958 


autoradiographs were prepared by coating 
unstained deparaffinized sections of tissue 
with liquid Kodak NTB-3 emulsion. 
Autoradiographs and photomicrographs 
of tumor specimens excised forty-eight 
hours after the adminstration of the first 
increment of 294.6 mc of S® are shown in 
Figures 15, 16, 17, and 18. These show the 
pattern of the concentration of the radio- 
active sulfur in the tumor tissue. The 
histologic autoradiographic study, per- 
formed on this biopsy obtained forty-eight 
hours after the first dose of 294.6 mc was 


Fic. 1§. This autoradiograph of the biopsy of the 
tumor taken forty-eight hours after the adminis- 
tration of 294.6 mc of S® demonstrates greater 
radioactivity as manifested by film darkening in 
the more peripheral portions of the tumor nodule. 
To prepare this autoradiograph, an unstained 6 
micron thick paraffin section was placed adjacent 
to Kodak No-screen X-ray film. Correlation be- 
tween the autoradiograph and the microscopic 
section demonstrates more well preserved tumor 
cells in the areas of greater radioactivity or film 
darkening. No radioactivity is demonstrated in 
areas of necrosis. 


Tt 
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administered, clearly demonstrated local- 
ization of S*® in or immediately adjacent to 
the tumor chondrocytes which appeared 
normally stained or viable. Whether the S* 
was in the cytoplasm of the tumor chon- 
drocyte and/or in the intercellular matrix 
about the tumor chondrocyte was difficult 
to determine. The activity in the matrix 
was clearly in highest concentration im- 
mediately adjacent to the tumor chondro- 
cytes. In this specimen obtained at forty- 
eight hours following the administration of 
the S® very little was distributed in the ma- 
trix away from the chondrocytes. Biopsies 
obtained after the administration of all 


Fic. 16. The periphery of the tumor nodule biopsied 
forty-eight hours after the administration of 294.6 
me of S* is demonstrated in this photomicrograph. 
Cellularity of this particular specimen is greatest 
at the periphery of the tumor. This is a histologic 
section from the same block as that used to prepare 
section from which the autoradiograph in Figure 
15 was made. Some of the nuclei of the cells deeper 
in the tumor stain eosinophilic rather than 
basophilic (hematoxylin and eosin, X 26). 
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Fic. 17. This photomicrograph of an autoradiograph 
demonstrates the radioactivity to be present 
about chondrocytes which are at the periphery of 
the tumor nodule. The chondrocytes with eosino- 
philic nuclei deep in the tumor have no darkening 
of the film about them. This autoradiograph was 
prepared by overlaying an unstained deparaffin- 
ized section with liquid Kodak NTB-3 nuclear 
tract emulsion. The unstained section used for 
this autoradiograph is one of the group of 6 micron 
serially cut paraffin sections cut from the same 
block used to prepare the section photographed 
in Figure 16. Exposure time was eighteen days 
(hematoxylin and eosin, X26). The hematoxylin 
stain in this preparation is extremely light so that 
nearly all of the blackening demonstrated in this 
photomicrograph is due to the development of the 
overlying emulsion. 


three increments of the 1 curie dose were 
taken at periods greater than forty-eight 
hours after the administration of S*. These 
demonstrated a somewhat more diffuse dis- 
tribution of S* in the matrix. The extent to 
which this distribution of S*® in the cartilage 
matrix affects the amount of radiation re- 
ceived by the tumor chondrocyte requires 
further study.!! Gross and histologic auto- 
radiographs demonstrated that the uptake 
of S® activity is in the apparently viable 
tumor chondrocytes and in the matrix 
about these cells. Poorly stained and ob- 
viously necrotic tumor chondrocytes show 
no uptake of S®* activity in or about them. 

The critical organ for a large dose of S* 

|| Retention of S* activity in the tumor chondrocyte may not 
be required for its destruction. In growing epiphyseal cartilage of 
rats, it is known that chondrocytes will be destroyed when high 
doses of S*5 are given. Histologic autoradiographs of tissues from 
these animals demonstrate the activity to be nearly entirely in 


the matrix about the chondrocytes at nine days after administra- 
tion.!7 
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ic. 18. This photomicrograph of an autoradiograph 
prepared from a section of the biopsy made forty- 
eight hours after the administration of 294.6 me. 
of S*® demonstrates the localization of radioactivity 
in the matrix immediately adjacent the chondro- 
cytes. This photomicrograph is of an autoradio- 
graph prepared from a section serially adjacent to 
that used for the preparation of the autoradiograph 
demonstrated in Figure 15 (hematoxylin and 
eosin, X 250). The technique used for the prepara- 
tion of the autoradiograph in this figure varied in 
two ways from the technique used for the prepara- 
tion of the autoradiograph demonstrated in Figure 
17. The layer of Kodak NTB-3 nuclear emulsion 
used for the preparation of the autoradiograph in 
this figure was a thinner layer. The intensity of the 
hematoxylin staining was greater to facilitate the 
demonstration of nuclei. The exposure time of 
eighteen days and other aspects of the technique 
were identical with those employed for the prepa 
ration of the autoradiograph demonstrated in 
Figure 17. 


is the bone marrow. This was indicated by 
both a reduction in the cellularity of the 
bone marrow and by the diminution of the 
circulating cells of the peripheral blood, 
particularly the platelets. Recovery was 
rapid. Ten months later the circulating 
formed elements were maintained at normal 
levels. 

No other effects, either radiation or chem- 
ical, of S* were demonstrated. There was 
no alteration of skin color or texture. There 
was no loss of hair. No new pain in or 
other disability of joints appeared. There 
was no laryngeal tenderness. No alteration 
of kidney function was detected. Vision re- 
mained good and no opacity of the refrac- 
tive media of the eye has been demon- 
strated. 


, 
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CONCLUSIONS 

1. Sulfur 35 is deposited in relatively 
high concentration in viable areas of human 
chondrosarcoma and is retained there for 
an extended period of time. 

2. The critical tissue for S* appears to be 
the bone marrow. An intravenously ad- 
ministered dose of 1 curie of S*® given in 
three increments over a period of twenty- 
four days effected a severe depression of 
hematopoiesis. Marked depression in the 
number of circulating platelets was cor- 
related with the presence of S* in the mega- 
karyocytes and in the circulating platelets. 

3. An intravenously administered dose 
of 1 curie of S*® given in three increments 
over a period of twenty-four days may 
effect temporary cessation of growth of 
chondrosarcoma. 

4. The human dosimetry of large intra- 
venous doses of S* has been developed. 

J. Robert Andrews, M.D. 
Building 10, Room 1B37A 


National Institutes of Health 
Bethesda 14, Maryland 


Members of Dr. George Brecher’s hematology 
laboratory assisted by the collection, preparation 
and interpretation of smears of bone marrow and 
peripheral blood. Mr. J. Woodard assisted in the 
preparation of histologic sections. Miss Eliza Miller 
worked with Dr. Swarm to prepare the autoradio- 
graphs. Mr. Gebhard Gsell prepared photomicro- 
graphs of the histologic specimens and of the 
autoradiographs. Mr. W. F. Swann of Eastman 
Kodak Co., Rochester, New York, generously made 
available the liquid NTB-3 emulsion used to prepare 
the histologic autoradiographs. 


ADDENDUM 

The patient died on December 1, 1958. 
Beginning at the end of May, 1958, the 
time of the last notation in the case history 
above, the tumor continued to enlarge 
locally and was massive, with extensive 
zones of necrosis at the time of death. Sev- 
eral large decubiti were also present and 
there had been recurring infections in the 
final months of life. Death was attributed 
to shock associated with overwhelming in- 
fection. 

In the period between May, 1958, and 
the time of death the platelet count ranged 
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between 230,000 and 340,000, the white 
blood cell count between 7,400 and 17,600, 
and there was a decline in hemoglobin from 
12 to 8.6 gm. 

An autopsy examination was performed 
and the diagnosis of chondrosarcoma was 
confirmed. The chondrosarcoma involved 
the fifth lumbar and adjacent vertebrae, 
the vertebral canal, the soft tissues of the 
lumbosacral region bilaterally, the right 
iliopsoas muscle, the cauda equina, and 
the dorsal root ganglia. Metastasis had not 
occurred. 

The gross morphology of the pituitary 
fossa suggested that the surgical destruc- 
tion of the pituitary gland was complete 
or nearly so. On the other hand, the pharyn- 
geal pituitary rest was identified and found 
to be of normal size. Possibly correlated 
with surgical destruction of the hypophysis 
were atrophy of the submaxillary salivary 
and the adrenal glands and slight atrophy 
of the thyroid gland and pancreas. Marked 
testicular atrophy was observed. The bone 
marrow was normal. 

Autoradiographic studies showed _per- 
sistent radioactivity, presumably S*®, in 
scattered areas of necrotic and focally cal- 
cified chondrosarcoma. Whether or not 
there is a causal relationship between 
necrotic tumor and the presence of S® ac- 
tivity cannot be determined. No radio- 
activity was demonstrated in most of the 
well differentiated and well preserved chon- 
drosarcoma or in poorly differentiated areas 
of tumor. This poorly differentiated com- 
ponent of tumor apparently constituted 
recent growth as it was not observed in the 
antemortem surgical and biopsy  speci- 
mens. Similar radioactivity was demon- 
strated to a lesser degree but more uni- 
formly distributed in rib, joint, and bron- 
chial cartilages. 
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LOCALIZATION OF INTRACRANIAL LESIONS 
BY RADIOACTIVE ISOTOPES (D.I.F.) (RISA) 


By MARION F. MAGALOTTI, M.D.,* IRVIN F. HUMMON, M.D.7 


CHICAGO, ILLINOIS 


O BEGIN a discussion on localization 

of intracranial lesions by radioactive 
isotopes, 1t may be interesting to briefly 
review the history of its development. 
Over fifty years ago, it was known that cer- 
tain dyes had a special affinity for tumor 
cells. In 1911, von Wassermann, Keysser 
and Wassermann" used fluorescein as a 
vehicle to carry selenium to a tumor for 
chemotherapeutic purposes. In 1929, Cope- 
man and his group? used sodium fluo- 
rescein both topically and intravenously 
in roentgen-ray and radium therapy of 
bone and breast tumors. From 1929 to 
1940, experimental studies by several 
workers seemed to indicate that foreign 
dyes localized selectively in cancer tissue 
not in the cancer cell itself but in the inter- 
cellular stroma, probably by changes in the 
permeability of the stromal vessels. 

In 1935 Boyland and McLean’ noted 
that localization of dye in tumor tissue 
takes place rapidly in the active portion of 
the tumor, within thirty minutes after 
intravenous administration. 

In 1946, Moore® used fluorescein at sur- 
gery for gastric carcinoma, using ultraviolet 
in an attempt to accentuate the difference 
between normal and cancer tissue. A year 
later he found there was much more differ- 
entiation in localizing brain tumors at 
surgery. In 1948, Moore and co-workers*-* 
published reports on 15 cases where they 
showed the usefulness of I" labeled 
fluorescein in the diagnosis and localiza- 
tion of brain tumor. Tabern!® then devel- 
oped a method of production of stable and 
pure diiodofluorescein (D.1.F.). 

Fluorescein does not penetrate the so- 
called normal blood-brain barrier. Any 
process such as brain edema, brain abscess, 


subdural hematoma, granuloma, trauma, 
and neoplasm which breaks this barrier 
will allow the fluorescein to pass into the 
tissue. It will be concentrated differently 
in normal and pathologic brain tissue. 

Fluorescein has been tagged with heavy 
metals in an attempt to produce roentgen- 
ographic evidence of a brain neoplasm. 
However, the compounds were unstable 
and even with near toxic concentrations no 
satisfactory visualization was obtained. 

In 1952, Peyton, Moore, French and 
Chou® found that human serum albumin, 
labeled with radioiodine, localized in brain 
tumors. The results were shown to be even 
better than with D.I.F. The dosage with 
D.1.F. was from 1-1.5 me but with radio- 
active iodine-labeled human serum al- 
bumin, 300-500 ue was sufficient, the exact 
amount depending upon the sensitivity of 
the counting equipment. Radioiodine 
human serum albumin (IHSA), called 
RISA by Abbott Laboratories, remains in 
the tumor longer than D.I.F., and a sig- 
nificant difference between normal and 
pathologic tissue may persist for forty- 
eight hours or longer. With D.I.F. the 
counting is started thirty minutes after the 
intravenous administration and must be 
completed within three hours. Here the 
identical areas on each side must be com- 
pared within a short lapse of time, three to 
five minutes, for the activity gradually 
decreases. With RISA, counts are started 
fifteen to twenty hours after the adminis- 
tration. Counts here change little during 
the period of examination and suspicious 
areas may be checked and rechecked, 
either during the initial examination or 
twenty-four hours later. 

Intracranial lesions may also be localized 


* Director, Therapeutic Radiology, Cook County Hospital, Chicago, Illinois. 
Tt Director, Department of Radiology, Cook County Hospital, Chicago, Illinois. 
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following the oral administration of ap- 
proximately 350 uc of sodium radioiodide 
(Nal'!). The procedure followed is similar 
to the one used with D.I.F. and the best 
counts are obtained from one to three hours 
following the administration of the tracer. 
Just as with D.I.F., the identical areas on 
each side must be compared within a few 
minutes to be significant. The cases re- 
ported by the authors were all studied with 
the use of D.I.F. or RISA. 

The principle of radioactive brain tumor 
localization is to compare the readings over 
identical areas on each side of the head. A 
well done examination requires at least 
ninety minutes. As a rule, we use 13 basic 
points on each side of the skull, with di- 
agrams described by Davis et a/.‘ If the 
hair has not been shaved for a previous pro- 
cedure, we use a rubber swimming cap. All 
pins, braids, etc., must be removed and the 
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hair is combed flatly and evenly, before ap- 
plying the cap. The points are measured 
and marked on the cap with crayon to 
make as certain as possible that identical 
points are being compared. 

The success of the procedure will depend 
much upon several factors. The D.I.F. or 
RISA is given intravenously, with care to 
avoid leakage and contamination. There 
are several features of the detector to con- 
sider. The isosensitivity curve, the shield- 
ing and the diameter of the opening of the 
detector are all of great importance and 
will be discussed in a separate paper. 

Approximately 5 per cent of the I" 
localizes within the thyroid in twenty-four 
hours. This can be eliminated by adminis- 
tering Lugol’s solution orally, 10 minims 
three times a day, beginning the day before 
the radioactive tracer is given and con- 
tinued for five days. 


Case G.W. (Age-38) 


RIGHT 


Normal Readings 


D.I.F.-1.5me 
LEFT 
REMARKS: 
RIGHT LEFT 
PF-4 ----- 3% ----- PF-3 
PF-6 ----- 5% ----- PF-5 
C-4 8Y, ----- C-3 
C-6 ----- 5% ----- C-5 
C-8 ----- 3%, ----- C-7 
F-4 ----- 2% F-3 
F-6 ----- --+-- F-5 
F-8 ----- 1% ----- F.7 
P-4 ----- 5% ----- P.3 
P-8 ----- 1% ----- P-7 
0.3 
0-6 ----- 4%, ----- 0-5 


Fic. 1. 


Case I. 
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Case-L.S. (Age-33) 


D.I.F.-1.4me 
LEFT RIGHT 
REMARKS: 
RIGHT LEFT Areas C-4 and F-4 shown in the 
— yr diagram had 18-20% less uptake 
..... PFs than the corresponding sites on 
ee aR C5 This is interpreted as a relatively 
avascular lesion in areas C-4 
....- and F-4 such as hematoma, avascular 
3°, neoplasm or thrombosis. 
F-8 ----- 4%, --+-- F.7 
P.4 ----- 5% ----- P-3 
P-6 ----- 6% ----- P-5 
P-8 ----- 1% ----- P.7 
O-4 ----- 5% ----- O-3 
0-6 ----- 3% ----- 0-5 SURGERY: CEREBRAL THROMBOSIS 
Fic. 2. Case 11. 


REPORT OF CASES 


Case 1 (Fig. 1) illustrates normal readings. 
Note the 13 points evenly distributed on both 
sides of the head. The accompanying table 
shows the percentage difference of the readings 
over the identical points on both sides. They 
are all within 10 per cent which is a normal 
variation. In our cases and as reported by 
other workers, the normal difference appears to 
be up to 1§ per cent. The variation in negative 
cases will depend upon the care and experience 
of the operator and the adequacy of the equip- 
ment used. 


The following group of cases are illustra- 
tions of benign lesions: 


Case ut (Fig. 2). This thirty-three year old 
female presented a history of repeated convul- 
sive seizures which began two days after a head 
injury, suffered eight years previously. The 
convulsions involved the left arm and left leg. 
As the years went by, she was partially con- 


trolled by medication but there was progressive 
weakness and numbness of the left arm and 
leg. A ventriculogram was negative and an 
arteriogram was nonconclusive. This study was 
done with D.I.F. and a significant difference, 
namely 18 and 20 per cent, was found in the 
shaded area shown in Figure 2 as compared 
with the opposite side. The side of low activity, 
i.e., the right side, was labeled, for her clinical 
symptoms were on the left side. The findings 
were reported as consistent with a relatively 
avascular lesion such as hematoma, avascular 
neoplasm or thrombosis. Prior to surgery, 
there was hope that a subdural hematoma 
would be found but, at craniotomy, the sus- 
pected area was avascular secondary to a 
cerebral thrombosis. 


Case 1 (Fig. 3). This twenty-nine year old 
female gave a history of headaches for a period 
of six months associated with nausea and 
vomiting. She had weakness of the left side of 
her body. A bilateral arteriogram was negative. 
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Case-E.W. (Age-29) 


D.I.F. 1.2me 
LEFT RIGHT 
REMARKS: 

The readings over the points in 
er = ~t the shaded area noted above were 
PF-3 significantly higher as compared 
ae with the identical points on the 

C-8 ----- 5% ----- C-7 
F.4 ----- Yo F-3 
F.7 
P-4 .---- 5% ----- P.3 
P.5 * 
*P.8 4---- SURGERY 
©-4 ..--- 0-3 A TUBERCULOMA was found in the 
9%, ----- 0-5 predicted area. 


Fic. 3. Case m1. 


This study was done using D.I.F. The two 
points in the shaded area shown in Figure 3 
had an activity 19 and 26 per cent higher as 
compared with the opposite side. Note from 


the accompanying table that the differences of 


the remaining areas were all within 11 per cent. 
At surgery, a /uberculoma was found in the 
predicted area. We have had a total of 3 tuber- 
culomas in our series that were localized by 
radioactive study and verified at surgery. 


Case iv (Fig. 4). This young woman com- 
plained of headaches for several months with 
loss of memory. She did not know her age or 
remember specific events in her life. There were 
no localized physical findings. This study was 
done with D.I.F. Two contiguous points in 
the right prefrontal region showed 17 per cent 
greater activity as compared with the opposite 
identical points. Although the difference was 
not great, it was considered significant for the 
two areas were contiguous and outstanding as 
compared with the differences obtained in the 
other points studied. A ventriculogram sug- 
gested a small shift of the anterior horn of the 


lateral ventricle on the right side. At surgery a 
sub-arachnoid cyst was found in the suspected 
area and was excised. 


Case v (Fig. 5). This fifty-seven year old 
male was admitted with the history of head 
trauma. He complained of progressive loss of 
vision, dizziness and occipital headache. There 
was a left homonomous hemianopsia. Ventric- 
ulography and vertebral arteriography proved 
negative. The D.I.F. study suggested abnormal 
areas that were consistent with the clinical 
findings. At surgery, only contusions were 
found. 


Case vi (Fig. 6). This forty year old male 
awakened one morning three months before ad- 
mission with numbness of his right arm and leg. 
On admission there was marked weakness of 
the right arm and right leg. This study with 
RISA showed one area that was outstanding. 
The readings made twenty hours following the 
administration of RISA showed the shaded 
area to have 20 per cent more activity as com- 
pared with the opposite side. A forty-eight hour 
check showed the difference had increased to 


30 per cent. At surgery, a left parasagittal 
meningioma was found in the area predicted. 


Case vit (Fig. 7). This forty-six year old 
female gave a history of loss of memory, head- 
ache and weakness of six months’ duration. The 
positive findings on physical examination were 
pathologic reflexes on the right side, right cen- 
tral facial paralysis and right homonomous 
hemianopsia. This brain study was done with 
D.I.F. Very definite abnormal areas were found. 
The three points over the left frontal region 
showed an activity of 26 per cent, 34 per cent 
and 29 per cent higher than the opposite side. 
The readings over the posterior head were 
difficult because of a large amount of hair and 
were considered unreliable. Ventriculography 
was done one month later and was positive. At 
surgery, a cellular meningioma was found in 
the predicted area. 


The following cases are examples of pri- 
mary malignant tumors of the brain: 


Case vi (Fig. 8). This forty year old female 
was admitted with symptoms and signs of an 
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intracranial space occupying lesion. This case 
demonstrates the tremendous uptake a tumor 
may show. Note that the points in the darker 
area shown in Figure 8 and marked with 
asterisks in the table‘had an activity very 
much greater than the opposite side. There was 
a difference of 68 per cent, 50 per cent and 82 
per cent. The areas about this region also 
showed increased activity. From this study, one 
can readily suspect a very large lesion that is 
highly vascular. Pneumoencepha- 
lography was positive. At surgery, a very large 
vascular tumor was found in the area predicted. 
The pathologic diagnosis was astrocytoma 
Grade IV (glioblastoma multiforme). 


indeed 


Case 1x (Fig. 9). This thirty-four year old 
male was admitted with the history consistent 
with a growing intracranial space occupying 
lesion. This case was studied with D.I.F. The 
heavily shaded area in Figure 9g showed in- 
creased activity of 48 per cent and 41 per cent. 
The adjacent areas above and below also 
showed increased activity but to a lesser degree. 
Here again, the high activity suggested a lesion 
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The difference in the readings 
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as compared with identical points 
on the opposite side were of 
borderline significance. The 
shaded area shows the high side. 
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with a prominent vascularity. A ventriculogram 
was reported as equivocal. At surgery a highly 
vascular lesion was found in the predicted area. 
The pathologic report was hemangiosarcoma. 


Case x (Fig. 10). This fifty-one year old fe- 
male was admitted to the hospital in poor clin- 
ical condition. The radioactive brain study was 
the only specific study performed. The shaded 
area in Figure 10 showed activity 15 per cent, 
24 per cent and 26 per cent higher than the 
identical opposite area. The patient died within 
a week following the study. At postmortem 
examination, a necrotic tumor was found in the 
occipital area but on the left side. Thus, here 
is an example of a malignant tumor that had 
undergone necrosis and had a low uptake. Of 
the points that showed a significant difference 
from the identical points on the opposite side, 
the low side here represented the abnormal area. 


RESULTS 


Of the 107 cases examined in this series, 
7 were discarded for technical reasons. The 


gross results of the remaining 100 cases are 
reported in Table 1. These were not se- 
lected cases and were not done as a specific 
program associated with a specialty de- 
partment. Requests for brain study were 
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LOCALIZATION OF INTRACRANIAL LESIONS BY 
RADIOACTIVE ISOTOPES (D.I.F.) (RISA) 


Reported In- 


Type of Lesion ; Total 
Correct correct 

Primary Tumors 13 O 13 
Metastatic Tumors 9 9 18 
Cerebrovascular 

Lesions 11 17 28 
Tuberculoma 3 fe) 3 
Contusion 4 I 5 
Mumps I Oo I 
No Localized 

Organic Lesion 31 I 32 
Total Cases 72 28 100 
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Case-K.W. (Age 51) 
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was significantly higher as 
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C.7 
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F.5 
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Astrocytoma grade IV 
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accepted from many departments, both 
on an in and out patient basis. The ac- 
curacy of tumor localization by radioactive 
isotopes has been reported in the literature 
to be from 75-95 per cent, depending upon 
the method of analysis and type of lesions 
selected. In our 36 tumor cases, 70 per cent 
were localized correctly. The 13 primary 
tumors were all localized correctly. Of the 
metastatic tumors, 50 per cent were local- 
ized. Only 39 per cent of the cerebrovas- 
cular lesions were demonstrable. If one 
would limit the examination to tumors, 
especially primary ones, the statistical re- 
sults would be excellent. 

Of the 28 cases reported incorrectly, it is 
noteworthy that 25 were “false negative.” 
It is discouraging to study a case with a 
frank hemiplegia and get only normal read- 
ings. Yet, if one reviews the pathologic 
possibilities and the limitations of the 
radioactive brain study, this discrepancy 
is understandable. 


COMMENT 


A total of 10 cases are briefly described, 
one being normal and the others showing a 
variety of lesions. Most easily localized 
lesions are tumors in the cerebral hemi- 
spheres. Glioblastomas, meningiomas, and 
metastatic tumors give the best differential 
counts. Small tumors, probably under 2 
cm. in diameter, either primary or meta- 
static, may not take up sufficient dye to be 
localized. This may be the reason why only 
one-half of the metastatic tumors were 
demonstrable by radioisotope study in our 
series, for the majority of the patients were 
examined early after the onset of cerebral 
symptoms. The site of the lesion itself may 
make it difficult or impossible to localize by 
the present radioisotope technique, the 
most obvious example being a mid-line 
lesion. Cerebrovascular lesions may oc- 
casionally be localized but, in general, the 
radioisotope method appears to be uncer- 
tain here, especially in cases where the 
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lesions do not involve the cortex. Cystic, 
avascular or necrotic lesions may take up 
little of the radioisotope and give low 
counts over the lesion, lower than tne oppo- 
site normal side. For greater accuracy, the 
clinical findings should be taken into con- 
sideration, for at times they will help to de- 
cide whether the side of high or low activity 
contains the lesion. The necessity of having 
adequate equipment and a careful tech- 
nique needs no further comment. 


SUMMARY 


The experience and results of 100 radio- 
isotope brain study cases have been pre- 
sented. The radioisotope brain study ap- 
pears to be a useful clinical procedure, 
especially in tumor localization and in 
elucidating some problem cases. Unfortu- 
nately, it is rather time consuming and re- 
quires an experienced operator. It is safe, 
painless and reliable, if one realizes its 
limitations. It is now chiefly used in large 
institutions. With continued improvement 
in instruments, and perhaps a better local- 
izing radioisotope, the future may see in- 
creased popularity of the radio-brain stud- 
1es. 


Marion F. Magalotti, M.D. 
Director, Therapeutic Radiology 
Cook County Hospital 

Chicago 12, Illinois 
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SARCOMA FOLLOWING RADIATION INJURY OF SKULL* 


By ANTOLIN RAVENTOS, M.D., SIDNEY W. GROSS, M.D.,+ and 
EUGENE P. PENDERGRASS, M.D. 


PHILADELPHIA, PENNSYLVANIA, 


HIS paper reports a case of sarcoma 

arising in the frontal bone or in the 
soft tissues adjacent to it, in a region where 
roentgenographic changes of radiation in- 
jury of bone had been present for at least 
seven years. 

The subject of postirradiation sarcoma 
of the skull has been comprehensively re- 
viewed by Skolnik et a/.° who found a total 
of 10 reported cases in the literature includ- 
ing 2 of their own. Cruz et a/.* have since re- 
ported one additional case involving the 
skull, and Sabanas et a/.* added 3. The tu- 
mor was primary in the frontal bone in one 
of Skolnik and co-workers’ cases and in the 
temporal bone of the other. All of the other 
cases had origin in the bones of the face. 
In none of these cases was radiation injury 
of bone reported to antedate the sarcoma. 
Jones® has reported that ‘‘no preceding 
osteonecrosis could be found in the (39 col- 
lected) cases of bone sarcoma induced by 
external irradiation.’ Cruz e¢ a/.,°> whose re- 
port included 11 cases of bone sarcoma 
following external irradiation, noted that 
2 of their cases showed radiation osteitis of 
extreme degree, but irregular and spotty 
distribution. They suggested that the sar- 
comatous change occurs in bone which has 
suffered intermediate damage, ‘“‘whereas 
the more heavily damaged areas lack even 
neoplastic recuperative capability.” 

Aub et a/.’ reported patients with inter- 
nally deposited radioactive materials who 
had coexisting lesions of bone sarcoma, 
radiation osteonecrosis, and radiation oste- 
itis. As pointed out by Furth and Tullis, 
these non-neoplastic radiation-induced 
changes in bone may be merely incidental 
to the development of neoplasia. 

From a review of 2,046 cases of intra- 


AND NEW YORK, NEW YORK 


cranial tumors treated by roentgen rays, 
Camp and Moreton? reported 5 patients 
with radiation injury of the calvarium. 
However, they felt that this figure should 
not be considered a true gauge of the in- 
cidence of this condition, since in most of 
their cases follow-up roentgenograms were 
not available. The lesions observed were 
areas of radiolucency which were inter- 
preted as necrosis of bone. None of their 5 
patients had symptoms referable to the 
lesions, and in none did the presence of the 
lesions appear to offer a serious threat to 
health, but relatively little information was 
available concerning the course of these pa- 
tients subsequent to the diagnosis of radi- 
ation necrosis. 


REPORT OF A CASE 


The patient, a white female aged twenty- 
seven, was first seen at the Hospital of the 
University of Pennsylvania in 1937, complain- 
ing of bitemporal hemianopsia. Examination re- 
vealed a marked visual field cut in the upper 
outer quadrant in the left eye and a lesser cut 
in the right eye. There was considerable pri- 
mary optic atrophy on the left side and begin- 
ning atrophy on the right. Roentgenograms 
showed the pituitary fossa to be abnormally 
large in width and depth, with erosion of the 
dorsum sellae and incomplete erosion of the 
posterior clinoid processes. The pineal calcifica- 
tion was displaced a few millimeters to the left. 
Operation was advised, but the patient refused. 

Roentgen treatment was given, with a pre- 
sumptive diagnosis of pituitary tumor. Seven 
cross-firing portals were employed: temporal, 
frontal, and occipital portals on each side, and 
a midline glabellar portal. The temporal portals 
were 7 cm. in diameter and the other portals 
were g cm. in diameter; all were round and 
were at 50 cm. target skin distance. Physical 
factors were 200 kv. constant potential, 0.5 


* From the William H. Donner Center for Radiology and the Pennsylvania Medical Foundation for the Study of Malignant Disease 


of the University of Pennsylvania (Drs. Pendergrass and Raventos). 


t Chief, Neurosurgical Service, Mount Sinai Hospital, New York, New York. 
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mm. Cu plus 2.0 mm. Al filter, half value 
layer 1.0 mm. Cu. 

Treatment was given daily except holidays, 
one portal each day in rotation from January 
19, 1937 to March 5, 1937. The total dose varied 
from 1,350 r (air) for the glabellar portal to 
1,750 r (air) for the left frontal portal. It was 
calculated at the time that 5,560 r was de- 
livered to the pituitary. Retrospective calcula- 
tions indicate that the left frontal bone prob- 
ably received about 2,100 r from the direct 
portal, and 200 r exit dose from the right occi- 
pital portal. Taking the factor 1.76 for bone 
absorption relative to soft tissue, the absorbed 
dose becomes 4,050 rads. Although a specific 
effort to avoid overlapping was noted in the 
record, it is conceivable that both temporal 
portals and the glabellar portal overlapped 
some of the same portion of the frontal bone 
included in the direct frontal portal. If this did 
occur, some portions of the left frontal bone 
might have received as much as 9,300 rads. 

In addition to this treatment, there was a his- 
tory of irradiation having been given elsewhere 
the previous year for amenorrhea. This was 
followed by return of menses. The only rec- 
ord now available describes this treatment 
merely as “‘So roentgen units to the pituitary 
gland and ovaries once a week for three suc- 
cessive times during August 1936.” Neither 
postirradiation skin changes nor depilation 
were noted in the 1937 record. 

The visual fields were improved after the 
first three weeks of treatment. Of 
examinations in subsequent months, 
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seemed to show improvement and some retro- 
gression. An ophthalmologic examiner in April, 
1939 reported ‘‘an excellent result from roent- 
gen therapy,” although there was still some 
degree of bitemporal hemianopsia, worse on the 
left. 

The patient was not seen in the Radiology 
Department again until 1947. At that time her 
visual fields had been diminishing again for a 
period of about six months. Roentgenograms 
showed sellar enlargement and in addition there 
were multiple areas of bone destruction in the 
calvarium, most prominent in the left frontal 
bone (Fig. 1). 

The possibility of osteolytic metastasis was 
considered, but it was thought most likely that 
these areas represented radiation necrosis. She 
had been referred for another course of roent- 
gen therapy, but it was not given because of 
the danger of further radiation damage. 

The lesions in the skull were essentially 
asymptomatic, and remained so until the sum- 
mer of 1954, when a tender swelling developed 
in the left frontal region. Roentgenograms 
showed enlargement of all of the osteolytic 
lesions, when compared to the roentgenograms 
made in 1947, and an especially large defect in 
the left frontal bone (Fig. 2). Biopsy of the mass 
in this area was reported as fibrosarcoma (Mon- 
tefiore Hospital, New York). A very extensive 
resection of the tumor was done in December, 
1954 (Mount Sinai Hospital, New York). A 
rotation flap was used to cover the tumor site. 
Within a few weeks the patient developed a 
right hemiplegia and aphasia. She died on 


ic. 1. Roentgenograms of the skull in 1947, ten years after roentgen therapy. The zones of decreased density 
are believed to be secondary to the previous irradiation (so-called radiation osteitis). 
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Fic. 2. Roentgenograms of the skull of the same patient in 1954. Note the large area of bone destruction in 
the left frontal area. This area of bone destruction was at the site of the bone sarcoma. 


March 17, 1955. Autopsy was not obtained. 

Histologic preparations from the biopsy and 
the resection were made by Dr. Lent C. John- 
son of the Armed Forces Institute of Pa- 
thology,* who reported the following: An un- 
equivocal opinion could not be reached as to 
the site of origin and nature of the tumor. The 
cytology was compatible with origin within the 
bone, but equally compatible with origin in 
the galea aponeurotica overlying the bone. The 
biopsy specimens showed large numbers of 
spindle cells with very delicate collagen, justify- 
ing the term fibrosarcoma. Such a tumor might 
arise either in bone or in soft tissue. The speci- 
men from the resection had large numbers of 
giant cells, resembling those of a giant cell 
tumor of bone, together with numerous large 
vascular spaces. This pattern, also, may be 
seen either in bone tumors or in soft tissue tu- 
mors. The appropriate soft tissue tumor is 
called a giant cell fascial sarcoma; it has been 
seen arising in the galea aponeurotica. Giant 
cell tumors of bone are extremely rare in the 
skull but do occur in conjunction with diseases 
associated with extensive osteoclastic activity, 
such as Paget’s disease. 

Dr. Johnson further commented that no his- 
tologic evidence of radionecrosis could be ob- 
tained from the small tissue fragments avail- 
able. He suggested that the osteolytic lesions 
seen in the roentgenograms might represent 
resorption of bone without actual necrosis. The 
effect of radiation on bone is a complex proc- 


* AFIP Accession Number 856279. 


ess,°7 and perhaps it is best to avoid the term 
necrosis in describing osteolytic lesions seen 
roentgenographically in irradiated bones. 


SUMMARY AND CONCLUSIONS 
Osteolytic areas of the calvarium occur 
as a rare complication of roentgen treat- 
ment of intracranial lesions. Observed 
roentgenographically, these Tareas have 
sometimes been considered as being due to 
radiation necrosis, but may represent a 
process of resorption of bone without actual 
necrosis. In itself, this condition does not 
appear to be serious. The patient reported 
here developed a fatal sarcoma of the bone 
or adjacent soft tissue several years after 
such areas had been recognized. It is inter- 
esting that, although osteolytic areas of 
bone are well known as a complication of 
roentgen therapy, we were unable to find 
any other reported cases in which a sar- 
coma developed subsequent to the observa- 
tion of such areas. Present evidence does 
not permit a conclusion as to whether 
radiation induced sarcomata most often 
arise in bone which has undergone post- 
irradiation resorption, or in areas of less 
severely damaged bone, or in the soft tissue 
adjacent to the bone. 
A. Raventos, M.D. 


3400 Spruce Street 
Philadelphia 4, Pennsylvania 
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MAPPING OF ROENTGEN-RAY DOSES FROM A 
VAN DE GRAAFF ACCELERATOR* 


By C. C. THOMAS, Jr., K. H. SUN, and H. W. LACOCK 


EAST PITTSBURGH, PENNSYLVANIA 


N ORDER to utilize a source of ionizing 

radiation, it is essential to know its geo- 
metric shape and intensity distribution. 
This involves the use of some type of do- 
simeter. The available devices for roentgen- 
ray dosimetry include air-equivalent ioni- 
zation chambers, and chemical and solid 
state dosimeters. The former are calibrated 
in terms of dose rate and the latter in terms 
of delivered dosage. 

The roentgen rays in the present study 
were produced by bombarding a gold tar- 
get with a scanned beam of 2 mev. elec- 
trons from a Van de Graaff accelerator.‘ 
The electron beam was scanned to give a 
nominal beam length of about 6 inches and 
a width of about ? inch at the accelerator 
window.' The electron beam current and 
the beam voltage can be measured accu- 
rately. The unknown factor is the roentgen- 
ray intensity distribution at various dis- 
tances from the roentgen-ray target. The 
roentgen-ray measuring device must meet 
the following requirements: (1) A device 
that would be able to obtain the beam spa- 
tial distribution in a large area with a mini- 
mum of absorption of the radiation energy; 
(2) the response of the device should be es- 
sentially independent of energy over a wide 
range of energies; (3) in the case of a dosim- 
eter, a uniform, preferably linear, change in 
some property as a function of dose is de- 
sirable; (4) the device should be either for 
instantaneous reading or not affected by a 
lapse of time between irradiation and read- 
ing. 

There is no ideal dosimeter that meets 
the above requirements. The air-equivalent 
ionization chamber type of device appears 
to be closest to the above considerations. 
The chambers used in the majority of the 
work are designed for use with roentgen- 


ray beams with energy peaks in the range 
of 400 to 2,000 kev. 

Some data were obtained with cobalt 
silicate glass dosimeters.':?* More exten- 
sive work with this dosimeter was not done 
since the energy dependence of the dosim- 
eter is not known at present. 


EXPERIMENTAL AND RESULTS 


igure 1 shows the bottom section of the 
accelerator and the beam exit window.* 
For the present study the beam shutter is 
replaced with a roentgen-ray target as- 
sembly designed by one of the authors 
(C. C. Thomas, Jr.). The target assembly 
is shown in Figure 2. The gold target is 
0.021 inches thick, slightly thicker (0.001 
inch) than is necessary to stop a 2 mev. 
electron. The water cooling is sufficient to 
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Fic. 2. Roentgen-ray target assembly for scanned electron beam. 


prevent excessive heating for electron beam 
currents up to 250 wa. with electron beam 
lengths of 1 inch or greater. 

A table with a thin 4 by 5 foot aluminum 
top engraved with square coordinates and 
interchangeable legs was used to position 
the chambers and dosimeters in the roent- 
gen-ray beam. The table was positioned 
accurately under the roentgen-ray target 
so that the center of the table corresponded 
with the center of the target. Five sets of 
legs were used which gave target to table 
distances of 5, 10, 25, 50, and 95.9 cm. Since 
the center of the ionization chamber was 
1.5 cm. above the table top, the resulting 
distribution data were obtained at target 
to probe distances of 3.5, 8.5, 23.5, 48.5, 
and 94.4 cm. 

The roentgen-ray data were obtained 
with two devices. The first device was a 
roentgen rate meter (Victoreen Model 510). 
The instrument consists basically of a 
probe of approximately % inch long by $ 
inch diameter and a control unit. The probe 
is, according to the manufacturer, an air- 
equivalent ionization chamber coupled to 
an electrometer-type vacuum tube, and is 
designed to give a minimum ot shadow and 
scatter, and to restrict all ionization to the 
chamber. The chamber wall and center pin 
form the positive and negative electrodes, 
respectively, of a 300 volt D.C. system. 
Radiation entering the chamber ionizes 
some of the air molecules inside. The elec- 
trons and ions are attracted to the elec- 


trodes where their charge is neutralized. 
This constitutes a minute flow of current 
through the ionization chamber. The volt- 
age drop developed by this flow of current 
through a large load resistance is the signal 
impressed across the input of the electrom- 
eter tube. The amount of current through 
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Fic. 3. Roentgen-ray intensity distribution—beam 
length air-equivalent ionization chamber, gold 
target. 
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lic. 4. Roentgen-ray intensity distribution—beam 
width air-equivalent ionization chamber. 


the chamber is proportional to the ioniza- 
tion developed. Thus, the potential on the 
grid of the electrometer is related to the 
roentgen-ray intensity. The signal is ampli- 
fied by the electrometer tube and fed to the 
controller unit. The controller unit con- 
sists of an amplifier, a metering circuit, 
and a power supply. The metering circuit 
is calibrated in r/min. against a condenser 
r-meter which is calibrated by means of a 
standard radium source. 

The cobalt silicate glass dosimeters were 
obtained from Bausch and Lomb Optical 
Co., and were developed by Kreidl and 
Blair.':?> The glass undergoes a change in 
optical density under irradiation. The 
change in optical density at various wave 
lengths from 350 to 450 uw has been calibrated 
as a function of dosage up to 4X10° r by 
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lic. 6. Roentgen-ray intensity distribution—beam width. 


with a Bausch and Lomb “‘Spectronic-20”’ 
spectrophotometer. In the present study 
the work with the glass dosimeter has been 


uniform intensity section which is smaller 
than that of the parent electron beam for 
target to probe distances between and 


somewhat limited since the energy depend- 23.5 cm. Furthermore, the uniform section 
ence of the dosimeter is not known. The at 3.5 cm. from the target is longer than at 
roentgen-ray intensity distribution data 8.5 cm. from the target. 


were obtained at target to dosimeter dis- 
tances of 95.9 and 50 cm. 

The data are reported in terms of rad, 
namely an absorption of 100 ergs of radia- 
tion energy per gm. of material. This unit 
refers to an absorbed dose and is dependent 
on the material. As a result of this, the units 
contain the subscripts of air or glass indi- 
cating the method used to obtain the data. 
The subscript has been omitted whenever 
data obtained by both methods are plotted 
together. 

The roentgen-ray beam length as a func- 
tion of distance from the target is shown in 
Figures 3 and 5. It is interesting to note 
that the roentgen-ray beam length has a 


~ 


It may be noted that at 3.5 cm. from 
the target, roentgen-ray intensity is high 
enough to give ordinary materials a dose 
rate as high as 1.1 X10° rad per hour for 
250 pa. of electron beam. 

The roentgen-ray beam width at vari- 
ous distances from the target is shown in 
Figures 4 and 6. The intensity of the beam 
falls off quickly from the middle point at 
close target to probe distances. 

A comparison of Figures 3 and 4, and 
Figures 5 and 6 indicates that at target to 
probe distances of 48.5 and 94.4 cm. the 
beam length and width are fairly flat and 
their curvatures are almost identical. 

Figure 7 shows the roentgen-ray beam 
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lic. 7. Roentgen-ray intensity distribution 


length and width for a target to probe 
distance of 94.3 cm., for probe locations 
from the center-line to 300 cm. 

The roentgen-ray beam length and width 
measured with cobalt silicate glass dosim- 
eters at target to glass distances of 50 and 
95.9 cm. are shown in Figure 8. Figure 9 
combines the glass data from Figure 8 and 
the appropriate probe data from Figures 5 
and 6. The ionization probe and glass data 
are in agreement as to the general shape 
but not as to the absolute magnitude. Since 
the energy dependence of the cobalt silicate 
glass dosimeter is now known and since 
glass may absorb greater amounts of soft 
radiations than the ionization chamber, the 
absolute agreement is not to be expected. 

As a final phase of the present study an 
investigation of the quality of the roentgen- 
ray beam was undertaken. A measurement 
was carried out by inserting various thick- 
nesses of roentgen-ray absorbers between 
the gold target and the air-equivalent ioni- 


air-equivalent ionization chamber. 


The absorbers studied 
were aluminum, copper, and lead. The re- 
sults of this study are shown in Figure to. 
These data are useful when roentgen rays 
are employed for practical irradiation. 


zation chamber. 


CONCLUSIONS 


The spatial distribution of the roentgen- 
ray beam for a number of target to speci- 
men distances has been determined. It has 
been shown that the shape of the roentgen- 
ray beam is considerably different from 
that of the parent electron beam. 

Absorber studies of the beam quality 
have been made using aluminum, copper, 
and lead. The absorber curves are of the 
shape generally found for high energy 
roentgen rays. 

The air-equivalent ionization chamber 
appears to be ideally suited to use with 
high intensity roentgen rays. The glass 
dosimeter is very simple to use, but requires 


Vou. 83, No. 1 
ah | 


C. C. Thomas, Jr., K. H. Sun and H. W. Lacock 


JANvuarRyY, Iof 


154 


1000 T j 
| 
| 
| 
a | | 
= } 
< 
~ 
| 
= 100 ) 
| 
2 
< 
ra) 
| 
= 
z 
w 
z 
A 
> 
< 
| 
/ | | 
| | 
| | | 
| 50 CM TARGET TO GLASS S:STANCE 
| | SEAM WIDTH | | 
| 95.9 CM. TARGET TO GLASS DISTANCE 
| «BEAM LENGTH | 
| | CLAN WIDTH | 
| | | | 
| | } | | | | 


7S 70 65 60 55 SO 45 40-35 30 25 20 15 10 1?) 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 


DISTANCE FROM CENTER LINE IN CM. 


Fic. 8. Roentgen-ray intensity distribution—cobalt silicate glass dosimeter. 
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further calibration for absolute dosimetry. 
The data obtained in the present study 

can be used to determine the roentgen-ray 

dosages delivered to test samples. 


SUMMARY 


Measurement of the intensity distribu- 
tion of a radiation source is of major im- 
portance to the development of large-scale 
industrial utilization of ionizing radiation. 
A method was developed to map the inten- 
sity of a roentgen-ray beam produced by 
bombarding a gold target with a scanned 2 
mev. electron beam from a Van de Graaft 
accelerator. The space mapping was carried 
out with an air-equivalent ionization cham- 
ber placed at various locations under the 


air-equivalent ionization chamber. 


roentgen-ray beam. Cobalt silicate glass 
dosimeters were also investigated. 

C. C. Thomas, Jr. 

Atomic Power Department 


Westinghouse Electric Corporation 
P.( ). Box 355 
Pittsburgh 30, Pennsylvania 
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THE USE OF CADMIUM SULFIDE CRYSTALS FOR THE 
MEASUREMENT OF ROENTGEN RADIATION* 


By ELMER G. ST. JOHN, M.D., and EARL FISH, R.T. 


BINGHAMTON, NEW YORK 


ETHODS of detection and measure- 

ment of roentgen and gamma radia- 
tion have intrigued investigators since 
R6ntgen’s discovery of the roentgen rays. 
A relatively simple device for this purpose, 
utilizing small cadmium sulfide erystals, is 
the subject of this report. 


HISTORY 


The discovery of photoconductors might 
be credited to an unnamed telegraph oper- 
ator, who, in 1873, noted that sunlight fall- 
ing upon selenium rectifiers caused changes 
in the behavior of his apparatus. Glasser 
et al.’ mention selenium in reference to the 
intensity measurements of roentgen rays. 


rm e 
These authors state that the action of 


roentgen rays on selenium‘ is similar to 
light, but accurate measurements are rather 
difficult because of time lag and hysteresis 
in the cells. Jacobs!!!" has investigated 
the use of semiconductors quite extensive- 
ly. He states that the cadmium sulfide cell 
has an important application in the detec- 
tion of point sources of roentgen radiation. 
The characteristics of cadmium. sulfide 
crystals, the peculiar suitability to roent- 
gen-ray work and some applications have 
been described in the literature.?-® 10111416 

Hollander*:’ states that cadmium sulfide 
exhibits marked conductivity changes when 
exposed to a roentgen-ray beam so that no 
amplification is required for the measure- 
ment of these changes. Only a battery, a 
conventional meter and a cadmium sulfide 
cell are necessary for a complete unit. He 
states that intensities from 1 to millions of 
r per hour can be measured conveniently. 
A cadmium sulfide detector, with a sensi- 
tivity of 2 wa./r/hr. at 100 volts, will have 
a dark resistance greater than 10° ohms. 
When the crystal is irradiated in a so r/hr. 


Co" field, this resistance will be lowered to 
10° ohms. He states that reliability, low im- 
pedance circuitry, small size, low-power 
consumption and extreme ruggedness make 
this type of detector highly desirable for 
portable gamma survey equipment, high 
intensity industrial controls, remote moni- 
toring and intracavitary medical applica- 
tion. He further states that crystal con- 
ductivity is linear as a function of intensity 
from 0.1 to 100,000 r per hour. He found 
that the maximum dissipation of these 
cells is about 1 watt. Thus, the dynamic 
conductivity characteristics of the cad- 
mium sulfide cell are fairly linear with 
both, voltage applied and intensity of ex- 
citation over a tremendous range. He 
states that the variation due to tempera- 
ture in the conductivity of cadmium sulfide 
under constant gamma radiation in the 
range —20 to +80 degrees Centigrade is 
less than +15 per cent. He has built a 
gamma-survey ratemeter having two linear 
ranges of o-20 and 0-200 r/hr. with a 
built-in calibration check constructed in a 
case smaller than a king-sized cigarette 
package. 

Bachman, Gelormini and Davis! built 
cadmium sulfide radiation probes of the 
thickness of masonite sheets used in as- 
sembling phantoms. They confirmed the 
usefulness of the cadmium sulfide crystal 
in roentgen ray Instrumentation, particu- 
larly where a radiation indicator of ex- 
tremely small size is desired and suggested 
that it would be relatively simple to build 
the crystal into a flexible probe 1 mm. or 
so in diameter, which might be introduced 
into the body to give accurate measure- 
ment of dosage. Hollander’ states that the 
long-term prospects for the detection of 
ionizing radiation indicate that increasing 


* From the Department of Radiology, Binghamton City Hospital, Binghamton, New York. 


156 


Fic. 1. A homemade Teflon catheter containing a 
CL-2 cadmium sulfide semiconductor in its tip. 


emphasis will be placed on solid-state de- 
tectors. He believes that these detectors 
should surpass all forms of gaseous detec- 
tors presently in use because of the sim- 
plicity, high density and extremely good 
quantum efficiency resulting in small, in- 
expensive detection systems. 


Sihvonen" states that the research staft 


of the General Motors Corporation has 
been studying roentgen ray-cadmium sul- 
fide interactions and finds that these crys- 
tals are remarkably well suited for this pur- 
pose. His department has developed roent- 
gen-ray probes for the Kettering Founda- 
tion in Yellow Springs, Ohio, which are be- 
ing used to measure roentgen-ray dose as 
received by minute samples of cancerous 
tissue. The crystals are grown in the Gen- 
eral Motors Technical Center, and are 
mounted and potted inside polyethylene 
tubes ranging up to 0.100 inch in diam- 
eter. The smallest detector they have so 
far assembled measures } mm.X} mm. 
xi mm. He states that the sensitivity is 
excellent, it being possible to readily meas- 
ure the absorbed dose of a sample as low 
as 10-4 r per minute. The crystals remain 
functional up to soo kv. Several of these 
probes were kindly supplied by the Gen- 
eral Motors Technical Center for use in our 
project. 

Stephens-Newsham and LaPalme! in- 
vestigated the use of cadmium sulfide crys- 
tals approximately 2 mm. in diameter and 
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Kc. 2. An improved probe made by the research 
department of General Motors Corporation is 
shown. The crystal is in the tip of the probe. The 
miniature phone plug is used to couple the probe 
to the measuring device. 


3 or 4 mm. long. They built a simple tran- 
sistor bridge circuit for measurements of 
currents less than a microampere. These 
authors have not as yet plotted a complete 
energy dependence curve, but state that 
preliminary measurements indicate a wide 
variation. 
METHOD 

Several crystalline substances were in- 

vestigated for the detection and measure- 


Fic. 3. 


A roentgenogram of the probe 
shown in Figure 2. 


Vou. 83, No. 1 


Fic. 4. The small metal box containing two flash- 
light cells is shown. The resistor holder is mounted 
on the top and the external connections to the 
semiconductor and to the vacuum tube voltmeter 
are shown in front. A small toggle switch on the 
back of the metal box is not visible in the photo- 
graph. 


ment of roentgen radiation. The cadmium 
sulfide crystal was found most suitable. 
Various home-made plastic probes were 
then constructed, each containing a sealed 
crystal. The particular crystal first success- 
fully utilized is manufactured by the Clair- 
ex Corporation of New York City, and 
called the CL-2 photocell. It is a cadmium 
sulfide photoconductor cell measuring a 
few square millimeters in area, located { 
inch from one end of an epoxy resin cylin- 
der, + inch in diameter and } inch long. 
The crystal end of the cylinder is un- 
painted, thus providing a window for light. 
It was found necessary to cover this por- 
tion of the crystal to exclude light when 
we were using it for the measurement of 
roentgen radiation. Tinned copper leads, 
gz inch in diameter and 2 inch apart, ex- 
tend 13 inches from the opposite end. Thin 
insulated wires were soldered to these leads 
and brought out of the opposite end of 
these plastic tubes. The tubes measure ap- 
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proximately 18 inches in length. 

These semiconductors were placed in a 
photon flux from a Picker Vanguard ther- 
apy unit. The following half-value layers 
were utilized: 0.3 mm. Al, 1.0 mm. Al, 1.0 
mm. Cu, 1.7 mm. Cu, 2.3 mm. Cu and 3.5 
mm. Cu. A pressdwood phantom measur- 
ing 18X18 X10 inches was then used to de- 
termine the response of the crystals to 
depth. Graphs were constructed plotting 
voltage across the series resistor against 
r/min. in the phantom measured by a Vic- 
toreen thimble chamber (Graph 1, 11 and 
IV). Similar readings were then taken in air 
and graphs were made of these (Graph 11). 

Graphs were then made to determine 
spectral sensitivity (Graph v). It was found 
that the response of the crystals was al- 


ic. 5. The metal box containing the two dry cells, 
switch and resistor is shown on the left. A vacuum 
tube voltmeter is seen on the right. One of the 
probes containing a cadmium sulfide crystal is 
seen in front of the apparatus. The long lead from 
the small box to the adapter for the miniature 
phone plug extends from the therapy control room 
to the patient. 
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Fic. 6. Schematic wiring diagram. V—vacuum tube 
voltmeter; R—resistor, 100 ohms to 5.5 megohms 
depending on sensitivity desired; B—two 1.5 volt 
dry cells connected in series; Crystal—cadmium 
sulfide crystal; Sw.—single pole, single throw 
toggle switch. 


most linear, and the slope of the curve was 


shallow between the half-value layers of 


0.3 mm. Al to 1.0 mm. Al. However, there 
was a rather steep slope between the halft- 
value layers of 1.0 mm. Cu and 3.5 mm. 


t 
R/min. in phantom 


GrarH 1. The embedded minute cadmium sulfide 
crystal was placed in a probe and readings in the 
pressdwood phantom at various depths were taken. 
Calibration of voltage across the resistor against 
r/min. as determined by a thimble chamber sunk 
in the phantom shown. The abscissa indicates 
r/min. in the phantom and the ordinate indicates 
the voltage on the meter. The following factors 
were utilized: half-value layer 0.3 mm. Al; target 
skin distance 50 cm.; size of field 10X15 cm.; 
resistor, 1,800 ohms; probe No. 22. 


Volts 


GrapH ut. The voltage on the meter is plotted 

against r/min. in the phantom. The following 

factors were utilized: half-value layer 1.0 mm. Al; 

target skin distance 50 cm.; size of field 10X15 
cm.; resistor 100 ohms; probe No. 16. 


Cu. Identical readings on the voltmeter in- 
dicate readings of from 6.5 r per minute 
with a half-value layer of 1.0 mm. Cu to 22 
r per minute, with a half-value layer of 3.5 
mm. Cu. 


Volts 


R/min. in air 
GrapuH ut. This graph was plotted in air. The ab- 
scissa designates r/min. in air and the ordinate 
the voltage on the vacuum tube voltmeter. The 
following factors were used: half-value layer 3.5 
mm. Cu; target skin distance 50 cm.; size of field 
15X15 cm.; resistor, 2,000 ohms; probe No. 23. 
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R/min. 3244 


1b 2b 
R/min. in phantom | | | | 


GrapH Iv. A cadmium sulfide photocell manufac- 
tured by the Clairex Corporation of New York 
City was utilized. The following factors were used: 
half-value layer 3.5 mm. Cu; target skin distance 
50 cm.; size of field 10X15 cm.; resistor 5.5 meg- 
ohms. The ordinate indicates the voltage on the 
vacuum tube voltmeter and the abscissa the 
r/min. in the phantom at the various depths. 
These were calibrated against a thimble ionization 
chamber. 


The resistance of various crystals was 
measured as tabulated below: 
Dark Resistance 


megohms 
megohms 
.3 megohms 
.§ megohms 


Clairex CL-2 CdS crystal 1,000 
Clairex CL-40 CdS crystal 4 
Kodak Ektron crystal I 
Raw cadmium selenide 2 


Their resistance dropped when exposed 
to light or roentgen ray depending on the 
intensity of the light or of the roentgen-ray 
beam. 

While this investigation was under way, 
it was learned that the research department 
of the General Motors Corporation was 
doing parallel work. Contact was made, with 
Mr. Y. T. Sihvonen of that Department 
and he and his associates were kind enough 
to manufacture several probes that were 
markedly improved both in response and 
in size over the Clairex CL-2 photoconduc- 
tor. These probes measure no more than 2 
mm. in diameter and can be made as long 
as desired. A miniature phone plug is uti- 
lized to make contact with the measuring 
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Grapu v. The two curves were obtained as follows: 
The voltage, as registered on the vacuum tube 
voltmeter, was arbitrarily kept at 1.5 volts by 
changing the distance from the radiation source 
to the cadmium sulfide crystal. The following 
half-value layers were utilized: 0.3 mm. Al, 1.0mm. 
Al, 1.0 mm. Cu, 2.3 mm. Cu and 3.5 mm. Cu. 
There is very little quality dependence between 
0.3 mm. Al and 1.0 mm. Al, as shown. However, 
there is marked quality dependence between the 
half-value layers of 1.0 mm. Cu and 3.5 mm. Cu. 
Resistor 2,500 ohms; probe No. 23. 


device. These probes are made of plastic 
and are sterilizable by chemical means. 


DISCUSSION 


Cadmium sulfide crystals do not show a 
strictly linear response to roentgen radia- 
tion in the low and medium voltage fields. 
However, within certain intensities of radi- 
ation there is a satisfactory plateau. There 
is also a wide spectral variation within the 
qualities of radiation available at this in- 
stitution. These disadvantages, however, 
might be offset by the great advantage of 
smallness, sensitivity and simple circuitry 
possessed by these crystals. Provided that 
variations in spectral deviation and in 
qualitative deviation be integrated, these 
crystals should be of great value for the 
direct measurement of roentgen radiation. 
Extension of spectral distribution into the 
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betatron range 1s being done by other work- 
ers in this field. 

It is also possible to use a microammeter 
in series with the crystal and _ resistor, 
rather than to measure the voltage drop 
across the resistor. However, a microam- 
meter is a relatively expensive device and 
probably fragile, as compared to a vacuum 
tube voltmeter. The cells can be operated 
successfully at from 2 to 130 volts DC. 
AC operation is also feasible, but has not 
been done by us. 

Hollander? states that limitations of con- 
duction-type radiation detectors such as 
cadmium sulfide are slow response time, 
aging effects and poor reproducibility. We 
have used some of these crystals for almost 
a year and find that although some have 
slow response time, most do not, that aging 
effects are not pronounced, and that repro- 
ducibility is excellent. Hollander* has mini- 
mized the long rise time for low intensity 
measurements by a method of radiation 
biasing. This employed a bias of 0.5 r per 
hour from radium. This caused no detect- 
able increase in dark conductivity and re- 
duced the rise time to nine seconds for 85 
per cent of steady state condition. Our par- 
ticular crystals showed almost instant rise 
time and return time. We, however, did not 
use the extremely small intensities of other 
observers in this field. 

Cadmium sulfide offers certain advan- 
tages as a detector of nuclear radiation, and 
although it has serious limitations, it is a 
material worthy of further consideration. 
The long-term prospects for the detection 
of ionizing radiation indicate that increas- 
ing emphasis will be placed on solid-state 
detectors. With the availability of suffi- 
cient theoretic understanding these detec- 
tors should surpass all forms of gaseous de- 
tectors presently in use, because of their 
simplicity, high density and extremely 
good quantum efficiency resulting in small 
inexpensive detection systems. 

The immediate prospects for solid-state 
detectors lie in specialized areas where their 
unique properties render them superior to 
conventional techniques. In these areas 
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such detectors are rapidly being adopted 
and are proving very useful. 

Solid-state radiation detectors 
may be divided into two general types 
scintillation and conduction. The art of 
scintillation counting has achieved a high 
proficiency, but requires stable high volt- 
age power, a delicate photomultiplier tube 
and considerable amplification. The devel- 
opment of solid-conduction detectors has 
been limited in practice by the lack of suit- 
able substances. Methods have been devel- 
oped recently for the preparation of good 
photoconductor crystals of cadmium sulfide 
and cadmium selenide, which have been 
very useful for the detection of ionizing 
radiation. 

In a solid-conduction type detector, re- 
sistance changes are roughly proportional 
to the intensity of incident radiation. This 
highly efficient mechanism greatly simpli- 
fies instrumentation. These detectors are 
characterized by high stopping power, 
small size and ability to modulate relative- 
ly large currents. Limitations are said to 
be slow response time, aging effect and 
poor reproducibility, but we have not found 
this to be true. These detectors have very 
high sensitivity over a very wide range. 
They should find increasing application in 
portable survey meters, body cavity medi- 
cal probes, high resolution point detectors 
for process control, gamma measurements 
in the presence of intense radiofrequency 
fields, remote area monitoring and roent- 
gen-ray controls. In these areas present 
techniques are limited by high impedance 
circuitry, high voltage requirements and 
fragile construction. 

The photosensitivity of cadmium sulfide 
crystals is subject to aging effects and de- 
creases with time. The largest change is 
noted in the first month and minor shifts 
appear in the succeeding months. These 
changes range from a few per cent to sev- 
eral orders of magnitude. This effect is 
closely related to the handling and packag- 
ing techniques employed and might be re- 
duced in production. Of the photoconduc- 
tive semiconductor salts, cadmium sulfide 
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exhibits the best temperature characteris- 
tics in the range from —40 to +60 degrees 
Centigrade. The temperature dependence 
will be in the order of plus or minus 0.1 per 
cent per degree of Centigrade. The roent- 
gen-ray response peak is at approximately 
82 kv. and is 23 times greater than the 
cobalt 60 response at 1.3 mev., when the 
crystals are placed in the same intensity 
field. It may be possible to achieve an 
equivalent response by means of lead filtra 
tion. 

An extremely small detector size makes 
it ideally suited for use as an intra-bodv 
medical probe. These cells are also em- 
ployed as high resolution detectors and in 
roentgen-ray beam and source distribution 
studies. 


SUMMARY 


A small, stable, probe-like device for the 
detection and measurement of roentgen 
radiation has been successfully developed, 
utilizing a very small cadmium sulfide crys- 
tal in its tip. This method is characterized 
by reliability, low impedance circuitry, 
small size, low cost, low power consump- 
tion and extreme ruggedness. The construc- 
tion of flexible probes should make this 
method well suited for intra-body medical 


probes. 


Elmer G. St. John, M.D. 
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AN INVESTIGATION OF THE LATE CLINICAL FIND- 
INGS FOLLOWING THOROTRAST (THORIUM 
DIOXIDE) ADMINISTRATION* 


By WILLIAM B. LOONEY, M.D. 
Radioisotope Laboratory, U. 8S. Naval Hospital, National Naval Medical Center 
BETHESDA, MARYLAND 


HOROTRAST (thorium dioxide in sus- 

pension) was first employed clinically 
in 1928. During the period 1930-1945 it 
was widely used in diagnostic radiology, 
primarily for the visualization of the liver, 
spleen and cerebral arteries.!*-9- 9.117.128 
Thorotrast utilization has been curtailed in 
part because of sequelae which have de- 
veloped from induration at sites of injection 
and in part because of the recognition that 
thorium, the parent of a series of radio- 
active daughter elements, might produce 


clinical damage or neoplasia. A study of 


thorotrast patients has been made because 
they comprise an important source of clini- 
cal material for evaluation of the late effects 
of continuous low level irradiation. In addi- 
tion, the study was planned to obtain in- 
formation about the various radiobiologic 
aspects of thorium in view of its potential 
use as a breeder material in nuclear reac- 
tors; to obtain information about radium 
isotopes of the thorium decay series in view 
of their presence in the skeletons of lumi- 
nous dial workers; and to obtain biologic in- 
formation about the actinide rare earths, in 
order that a better understanding of the 
late effects of members of the group (e.g., 
plutonium) might be secured. It was also 
considered that the thorium patients would 
constitute a source of clinical data for utili- 
zation in the evaluation of maximum per- 
missible levels of body burden for radio- 
elements in use today. 

A summary of previously published his- 
topathologic, autoradiographic, radiochem- 
ical and spectrochemical findings of this 


study is given in Part 1.¢ The results of the 
laboratory and clinical findings of the 
thorotrast patients are given in Part 11. The 
general problem of radiation dosimetry, 
hematologic findings, skeletal findings, 
clinical follow-up studies, carcino- 
genesis in thorotrast patients is included in 
the discussion. 


PART | 

SUMMARY OF EXCRETION, DISTRIBUTION, 

AUTORADIOGRAPHIC AND HISTO- 
PATHOLOGIC FINDINGS 

A. Excretion Studies. Patient M.H. was 
given thorotrast in an attempt to deter- 
mine the etiology of jaundice. After re- 
ceiving 72 cc. of thorotrast, she excreted 
approximately 0.7 per cent of the thorium 
during the 17 days between the administra- 
tion of thorotrast and her death from car- 
cinoma of the pancreas. The average 
thorium excretion rate from the tenth to 
seventeenth day was about 0.0007 per cent 
of the dose per day. Patient A.T. was a 
thirty-four year old male who had osteo- 
genic sarcoma. It was estimated that be- 
tween 0.04 and o.1 per cent of the thorium 


+ A brief summary of the clinical and radiochemical aspects 
has been published(Looney, 1954, Looney and Colodzin, 1956, 
Looney, Hursh, Colodzin and Stedman, 1958). A study of the 
distribution of thorium and the excretion of thorium and the 
radium isotopes of the thorium decay series was carried out as a 


joint project with the Department of Radiation Biology, Uni 


versity of Rochester (Hursh, Stedman, Looney and Colodzin, 
19574). 

The autoradiographic study was made as a joint project with 
the Radiobiology Laboratory, University of Utah and the Lab 
cratory of Biological Isotopic Research, University of Copen 
hagen (Looney, Arnold, Levi and Jee, 1955). Certain aspects of 
this study are still in progress. 


* Preliminary results of this study were presented in part at the Fifty-fifth Annual meeting of the American Roentgen Ray Society, 
Washington, D.C., September 21-24, 1954 and the Radiation Research Society Meeting, New York City, May 16-18, 1955. 
I'he section on carcinogenesis was presented at the Seventh International Cancer Congress, London, July 6-12, 1958. 


The opinions and assertions contained herein are the private ones of the author, and are not to be construed as official or reflecting 
the views of the Navy Department or the Naval Service at large. 
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was eliminated in 108 days after receiving 
60 cc. of thorotrast. The average excretion 
between the twenty-fourth and the one 
hundred and eighth day was estimated to 
be from 0.00025 to 0.00045 per cent of the 
dose per day. The biologic half-time of 
thorotrast from these studies was estimated 
to be over 400 years.” 

B. Distribution Studies. The thorium con- 
tent of the organs of the body was deter- 
mined by spectrochemical analysis. Almost 
all of the thorium was present in the liver, 
spleen and bone marrow of the patients 17 
and 49 days after administration. Small 
amounts were found in the lungs and 
adrenals. Minute amounts of thorium were 
present in all organs and tissues upon 
which the thorium content determinations 
were made. Distribution studies were also 
made on 2 patients, L.W. and A.D., who 
had been given thorotrast 10 and Ig years 
prior to death (Table 1). 

The concentration of radium isotopes in 
the organs of highest thorium deposition 
and the radium isotope content of various 
parts of the skeleton were determined on 
patient M.H. 17 days after thorotrast ad- 
ministration and on patient A.D. I9 years 
after administration (Table 11). 

C. Histologic and Autoradtographic Stud- 
ies. Comparisons of the histologic sections 
of the patients who died 17 and 49 days 
after thorotrast administration were made 
with sections from patients who died 10, 18 
and 19 years after administration. In the 
patients given thorotrast shortly before 
death, most of the thorotrast was present in 
the cells of the reticuloendothelial system, 
and was rather uniformly distributed 
throughout the organs; whereas, in the 
patients examined 10, 18 and Ig years after 
thorotrast administration most of the 
thorotrast was present in aggregates. In the 
review of the histologic specimens from the 
organs of patients years after administra- 
tion there was, in general, comparatively 
little destruction and connective tissue re- 
placement around the thorotrast aggre- 
gates in most of the organs studied. The 
major exception to this was the spleen in 
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which a_ progressive destructive effect 
seemed to occur. With destruction of the 
splenic architecture and replacement fi- 
brosis, the spleen became smaller in size. 
Since the thorium content remains almost 
constant, there was an increase in the rela- 
tive concentration of thorium. The spleens 
of some of the patients were markedly re- 
duced to about one fifth of their normal 
size, while in others they were almost com- 
pletely destroyed. 


PART II 
CLINICAL STUDIES 


A. Age and Time of Retention of Thoro- 
trast. The status of 35 people has been de- 
termined in the National Naval Medical 
Center study. These people were given in- 
travenous injections of from 3 to 15 gm. of 
thorium dioxide as thorotrast during diag- 
nostic roentgenologic procedures. There 
were 15 patients whose diagnostic proce- 
dures usually required from 15 to 25 cc. of 
thorotrast (3 to § gm. of thorium) and 20 
patients who had procedures usually re- 
quiring from 60 to 75 cc. of thorotrast (12 
to 15 gm. of thorium). The mean age of the 
first group of patients in 1954 was 44 years, 
the mean time of retention was 15.6 years. 
The mean age of the second group in 1954 
was 58 years, and the mean time of reten- 
tion was 14.5 years. One patient of Group 
| and 13 patients of Group 11 are dead. The 
mean age at death was 62 years (Table 111). 

B. Roentgenographic Findings. There was 
increased density found in the liver and 
spleen of almost all of the patients exam- 
ined. Roentgenograms of the liver and 
spleen taken shortly after administration 
showed that the shadow cast by thorotrast 
was smooth and confluent, while roent- 
genograms taken years following adminis- 
tration had a lacy trabeculated appear- 
ance. There was also roentgenographic evi- 
dence that some thorotrast had apparently 
migrated to the regional lymph nodes. 

Increased densities in the neck were 
found in some patients in which thorotrast 
had been extravasated into the soft tissues. 
In a few instances the thorotrast had 
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TABLE I 


THORIUM DISTRIBUTION* 


(mg. thorium per gm. of ashed tissue) 


Patient M.H.+ 


> 
Patient Y.C.f 


Patient L.W. 
Patient A.D. 


pe 40 and possibly 
Tissue 2 cc. thorotrast 60 cc. thorotrast 7¢ cc. thorotrast 
60 cc. thorotrast 
retained 17 da.) retained 49 da.) : retained Ig yr.) 
retained I yr. 
Aorta 
B. 42 
Bone (cancellous) Proximal tibia ae 
Bone (compact) A. Ilium A. Tibia 
B. Proximal femur 2 B. Mid-tibia .003 
C. Distal femur 03 C. Femur 2.6 
D. Mid-tibia .008 D. Mid-femur .07 
Bone Marrow A. Femur 42.4 A. Mid-tibia y 
B. Mid-femur 36.7 B. Distal tibia 5.9 
C. Distal femur 12.1 C. Mid-femur 77. 
D. Tibia aq D. Distalfemur 11.4 
Brain 
Heart 2.9 6.9 2.9 
Intestine 
Kidney 30. 24. 3.2 5.9 
Liver KGL A. Central 320.0 | A. 250. 126. 
B. Peripheral 420. B. 38 
Lung 11.3 A. Proximal 24. A. ai 
B. Central 16. B. 7.8 
C. Peripheral 14. 
Muscle 1.6 
Pancreas 16.8 | 4. 
Rib 10.9 
Spleen 357- A. 61 i. 30 359 
B. 5 B 21 B 2,7 
Sternum 18.2 
Thyroid A: 24. 
Vertebrae | 131 12.6 


* See Table V for clinical history and pertinent findings on these patients. 


t This patient had a carcinoma of the pancreas. 


t This patient had a primary carcinoma of the liver at the time thorotrast was administered. 
| The spleen of this patient was almost completely destroyed and markedly reduced in volume. Hursh, Stedman, Looney and Colodzin, 


(1957). 


migrated in the mediastinum to the level of 
the heart. Chest roentgenograms 
negative. 

Skeletal roentgenographic examinations 
were made on 1g of the 35 patients. The 
examinations were repeated in § cases. In 
11 of these patients minor irregularities 
were observed in the tibiae, femora, humeri, 
radi or ulnae. There were longitudinal stri- 


were 


ations in the shafts of some of the long 
bones. Increased thickness of the shafts of 
the tibiae and femora was occasionally 
found in the middle one third.*:®: Some 
bones had increased densities which ap- 
peared to be caused by deposits of thoro- 
trast along the (Tables iv 
and v). 

Dental roentgenographic examinations 


endosteum 
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TABLE I] 


THORIUM AND RADIUM ISOTOPE DISTRIBUTION 


Thorium* 
mg. thorium per gm. 
(ash weight) 


Patient M.H. Patient A.D. 


(17 da.) | (19 yr.) 
46.3 Lung 
137.0 | 25.0 Liver 
357.0 3,900.0 Spleen 
42.4 | 77.0 Marrow (Femur) 
0.03 0.03 Shaft (Femur) 
0.008 0.003 Shaft (Tibia) 
Note: Patient M.H. received 72 cc. of thorotrast and patient A.D. received 


* Hursh, Stedman, Looney and Colodzin (1957). 
Looney and Colodzin (1956).®7 


TaBLeE III 


FOLLOWING THOROTRAST 


January, 


ADMINISTRATION 


Radium Isotopest 
counts per minute per gm. 
(alpha-activity) (ash weight) 


Patient M.H. Patient A.D. 


(17 da.) (19 yr.) 
gos 357750 
8,829 12,467 
12,878 71,455 
I ,638 | 1,046 
14 24 

4 


75 cc. of thorotrast. 


AGE (1954) AND PERIOD OF THOROTRAST RETENTION 


Group | 
Patients who had procedures usually 
requiring from 1§ cc. to 
25 cc. of thorotrast 


Age—1954 Time of Re- 


Patient ive.) Patient 
47 8 R.B. 
E.B. 34 9 A 
P.B. 50 9 M.C 
16 A.D 
Som (55) 23 A.D 
E.K. 26 22 M.G 
32 14 M.H 
M.P. 26 9 
B.R. (35) 18 L.M. 
J.R. 27 22 M.McB. 
44 fe) W.M. 
31 22 M.R. 
A.W. 57 18 FS. 
W.W. 44 18 E.S. 
FS. 56 A.T. 
L.W. 
C.W. 
J.H. 
D.W. 
Mean 44+11 


Data in parentheses omitted in calculation of mean values. 


Group II 


Patients who had procedures usually 
requiring from 60 cc. to 


75 cc. of thorotrast 


1960 


) 


Age—1954 Time of Re 
(yr.) tention (yr. 
72 14 
43 (49 da.) 
$2 23 
30 20 
85 I9 
40 14 
58 (17 da.) 
40 fe) 
65 9 
38 8 
86 1S 
SI 
56 7 
63 22 
35 (Given 8/2¢/5 
59 1G 
48 I 
69 
O04 
+15.7 14.5+6.8 
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Clinical Findings following 


were made on 8 patients by a ga 
Colby of the Naval Dental School, Na- 
tional Naval Medical Center. There was no 
evidence of dental changes attributable to 
thorotrast administration. 

C. Hepatic Function Studies. Hepatic 
function studies were made on 14 of the 15 
patients of Group 1 (Table iv and first part 
of Table v1). All patients had negative 
histories of hepatic disease; in only one 
patient was the bromsulphalein test con- 
sistently abnormal. 

There was a history of hepatic disease 
prior to thorotrast administration in 11 of 
the 20 patients in Group 11. Only 4 patients 
had negative histories for previous liver dis- 
ease. The reason for administration is un- 
known in the remaining 5. Two of these 
patients are still living and enlarged livers 
were found at the time of thorotrast ad- 
ministration. It is presumed that hepatic 
disease was present. Thorotrast was found 
at autopsy in the other 3. 

Hepatic function studies were made on 
12 of the 20 patients in Group 11 (Table v 
and second part of Table v1). Abnormal 
hepatic function was indicated by at least 
one of the tests in 7 patients. Five of these 
patients had known histories of hepatic 
disease, and the 2 remaining patients with 
enlarged livers were presumed to have 
hepatic disease. On subsequent examina- 
tion only 3 of the 7 patients had abnormal 
hepatic function. 

D. Hematologic Studies. Hematologic 
studies were made one or more times on 30 
of the 35 patients. Occasionally, patients 
had hemoglobin and erythrocyte values 
which were at the lower limits of normal or 
were slightly depressed (Table vii). 

Patient L.W. 
made in 1937 


had a diagnosis of anemia 
at the time of thorotrast 
administration. An anemia persisted until 
her death in 1951. Terminally, bizarre 
lymphocytic and monocytic changes were 
found. The diagnosis of monocytic leu- 
kemia was considered by the attending 
physician. However, there were insufficient 
findings to establish a 
kemia. 


diagnosis of leu- 
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E. Clinical Examination. Clinical ex- 
aminations of these patients were, in gen- 
eral, negative. There was little evidence of 
clinical damage from thorotrast. The only 
evident clinical effect found was induration 
and contraction at the sites of thorotrast 
extravasation into the arms and necks of 
some of these patients. Involvement of the 
vocal cords, esophagus and carotid artery 
was one of the indirect results occurring 
from induration and contraction. A sum- 
mary of the pertinent clinical findings and 
laboratory studies is given in Tables 1v 
and v. 

Two patients have died from tumors of 
the liver since the completion of this study. 
The first patient, M.R., died in 1955, at 
the age of fifty-two years after receiv- 
ing 72 cc. of thorotrast, which was given in 
an attempt to determine the cause of 
jaundice and an enlarged liver. Pathologic 
studies were made by Swarm!” and Stew- 
art’ at the National Cancer Institute. 
The tumor was classified as a hemangio- 
endothelioma. Neoplastic tissue was found 
in the liver, spleen and bone marrow. 

The second patient of this study died in 
1958, at the age of forty-three, from hepatic 
failure and bronchopneumonia. She had 
received an unknown amount of thorotrast 
17 years prior to death. The pathologic 
studies have not been completed; however, 
the preliminary pathologic report has been 
obtained through the courtesy of the at- 
tending physician, Dr. J. E. Fitzgerald. A 
multinodular primary hepatic neoplasm 
was found on the gross anatomic examina- 
tion. 


DISCUSSION 


A. Radiation Dosimetry. Thorotrast 1s a 
colloidal solution containing 20 per cent 
thorium dioxide and 20 per cent dextran 
with 0.15 per cent methyl-p-hydrobenzoate 
added as a preservative.*’ The amount of 
thorium dioxide used in thorotrast for a 
hepatogram (approximately 15 gm.) has an 
estimated alpha particle equivalent to 2.1 
ug. of radium on an alpha particle energy 
basis, assuming that both radium and 
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TABLE VI 


HEPATIC FUNCTION STUDIES 


| BSP VDB Total Thy- Pr 
| tii Prot Alb Glob. Chol Esters Alk. Phos.! mol Ceph. the mbj 
Name Date Direct Indirect (Per |(Bodansky! (Mac Floc. romoin 
cent) units) lagan | (48 hr.) 
(sec.) 
\45 ; (mg. per roo cc.) | (mg. per 100 cc, units) = 
r.A. 2/10/53 30% =| +17 0.5 4.2 2.0 neg 14 
3/ 7 neg. | | 
E.B 4/14/53 7.2% -70 | 1.8 6 3 
12/12/54 13 31 | 0.2 4.7 Ex 198 | 690 $3 2 neg 2 
3/10/55 neg. | 
P.B. 4/23/53 neg. 13 <8! | 5.3 1.1 1.2 1.6 38 
} 
7/22/54 neg -I7 0 4.7 75 73 I I 13 
12/ 7/54 »9 27 5-5 1.7 I 13 
F.B 5/19/53 neg 3 6 8.0 5 3 | 14 
LA 10o/ 7/54 neg I 175 65 I.2 3 neg 
11/160 
E.K 17/53 neg 1) 63 6.3 7 1.6 1.9 6 I 
3/19/5 neg .O4 3890 6 14 
7/1 .O4 8.1 5 9 3 0) 
M.P 7/54 1.6% 7 5.5 3 107 79 14 
3/ 7/55 20° 
B.R. 8/17/54 neg. 18 ( 6.3 1.8 175 70 1.6 neg 17 
am. | 12/ 5/35 neg. | 
9/ 9/53 3.6% +32 12 6.3 77 1.6 13 
E.S. | 5/21/53 |] neg 
- > » at | 
7/12 3-9% 5-7 3.5 2.2 2.§ I | 13 
2/19/53 | neg. -68 6.3 4.2 | 107 63 2.0 1 15 
11 /2¢ neg 
A.W | 10/24/49 | | 4.1 | | 
| | | | | 
| 12/ 9/54 neg. -09 | 6.5 2.0 2 2.3 neg. | 13 
| | 
| 
R.B | 2/ 2/54 | 26.5% | | 
| 3/24/42] neg. | | | | 
A.D 5/52 <3 | | | | | } 
| | | 
| | | | | | 
M.G | 2/19/53 | 26.8% 2.0 240 | 65 1 neg, | 15 
| 8/ 5/54 | 8% 9 | 6.5 | 4.8 | 1.7 13 
| 3/10/55 | neg +09 Pe 0.7 | 4-7 | 2.0 240 77 2.4 2 } neg | 12 
| | | 
L.M. | 11/10/53 52% | | | | 
| | 
M.McB. | 11/45 | | | | | 4+ 25 
2/40 | 28 
W.M. 1/13/53 neg. | <3 .82 5.8 ae 2.¢ | 237 | 69 2.0 | 3 neg. | 14 
12/ 2/54 | 27 05 0.3 3.5 2.5 | 107 760 3-2 | neg. 14 
M.R 3/13/42 neg. | | 
2/10/53 neg. 22 50 6.5 3.7 oe | 175 73 3.1 | 4 neg 
7/20/54 4.2% | 63 0.7 3-7 | 2 75 2.6 | 2 neg 13 
3/ 8/55 | 58% | 
| | 
F.S, 3/ 9/42 neg. | | | 
2/17/53 12.4% i | 92 6.3 4-4 a 3.0 I neg 15 
7/27/54 2.6% 04 14 7.1 4-7 — 2.2 I | neg | 14 
} 
ZS, 5/19/53 ; neg. | | | | | | 
A.T. 8/20/54 | neg. | 12 50 7.8 5.3 5 | too | wt | x2 | } 14 
8/25/54 1.6% 29 27 6.3 | 4.4 1.9 167 74 | r.6 | neg 13 
CW. | 3/14/55 | 5% | 
| | | = 
Normal Values | o% | O-.2 o-.6 6-8 | 3-6-5.6 | 1.3-3.2 | 140-230 | 60-80 L. 5-4 | 2-65 14-16 


thorium are in equilibrium with their over 400 years." Estimates of the per- 
daughter products. For purposes of calcula- centage of the injected amount of thorium 
tion of radiation dose, it is assumed that retained in the organs of greatest thoro- 
the thorotrast remains in the body in- trast deposition by different investigators 
definitely. Excretion studies have shown are as follows: liver 71-73 per cent; spleen 
that the biologic half-time for thorium is 7-17 per cent; bone marrow 6-10 per cent. 


n 
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VII 
HEMATOLOGIC STUDIES 
Hemo Ditferential Platelets Reti Sed. Rate 
Name Date globin RB( WB( For anata per Cutler (¢ 
(gm Neutro Band | Lymph.) Baso Mi cent minutes 
T.A. 16/53 I I 5 I 12 
3/ 7/55 I 
E.B. 4/14/5 4.8 16 
12/12/54 16 5 19 I { 9 I 
P.B. 4/23/53 I 80 6 
7 2/54 13 3,7 ( ) 5 ) I 9 
7/54 12 ) I 5 3 
F.B 5/10/53 I ¢ 8,1 I 19 
L.( 10/ 7/54 I 4 ¢ I 
E.K. 17/53 I ( I I 
CF 3/19/53 I ) 7 ) 19 
7/15/54 15 8,9 I 23 
M.P. 7/54 I Q2 10 
3/ 9 I Id 
B.R. 5/17/53 ve) 11,8 21 
6/17/54 ) I 9 
9/ 90/53 I ) ¢ I 12 
E.S. 5/21/5 I 
7/12/54 1,QI 5.20 SI I I 
L.S 2/19/5 ye I I 12 
11/20/s I ( 18 
FS. 0/53 ( 
A.W. | fe) 9 I I ) I 7 ¢ 
W.W. 1/13/53 I 8 I 
I 9/54 If I 
R.B. 54 It I 6,7 I I I 6 
M.C. 2/10/54 8 7 7 I 
A.D. tr/ 7/53 I 8 11 
M.G 2/19/53 II 19 16, 8 I 28 
8/s I QO. I I I 19 
S.I 3/1 ) yeoblasts-1 
L.M. 11/10/53 1 
M.Mc. | 11/45 ¢ 3 
I 46 
12/53 19 
W.M 1/13/5 6 5 7 
I 54 O5 I 51 I 
M.R. 10/5 I 9 8 I 
7 54 13 ¢ oy 
FS. I I 20 
7/5 14.8 I 19 
E.S 5/19/53 11 61 I 
AT. I 7 9 
Ss 5/54 1s ( I 
L.W. I 0/51 7 
C.W. 3/14/55 I ( ) 15 
5/24/54 I 19, 9 10 


The most reasonable estimates at present 
of the average dose (rads per week ) are as 
tollows: liver 1.5; spleen 2.5; bone marrow 
©, 2,30,54,57,97,108 


Determination of the radiation dose to 


the tissue from thorotrast is a very difficult 
problem.*!:%:97-104.105,108,121 The extent of self 
absorption of the alpha particles in the 
thorotrast aggregates, the increasing size 


of the aggregate with increasing time after 
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administration, and the state of radioactive 
equilibrium of the daughter elements of the 
thorium series in the body are some of the 
more important factors which have to be 
taken into consideration in radiation dosim- 
etry. Estimates of the radiation dose have 
been made by quantitative autoradio- 
graphic studies, radiochemical and spectro- 
chemical determinations of thorium mem- 
bers of the thorium series 1n tissue speci- 
mens, excretion studies, and external meas- 


urement of the living patient. Estimates of 


the average radiation dose to the liver, by 
one or a combination of these methods, 
vary from about 1 to g rads per week fol- 
lowing the deposition of 75 cc. of thoro- 
trast. The average accumulated dose to the 
liver, the primary organ of thorotrast dep- 
osition, In 50 years was calculated to be 
in the order of 3,500 rads. Rotblat and 
Ward”:** found by quantitative auto- 
radiography that the radiation dose to dif- 
ferent parts of the spleen of a patient 11 
years after administration varied by a fac- 
tor of 20. Therefore, if we assume that the 
radiation dose in the liver of a patient 
varies by a factor of 20 after 50 vears, then 
some areas of the liver may have received 
a total accumulated dose of about 7OO 
rads, while others may have received as 
much as 15,000 rads based on the calcula- 
tions of Rundo.!° 


There is a much greater variation of 


thorium in the bone marrow (0.1 to 77 
mg./gm. ash tissue) than in the liver (125 
to 420 mg./gm. of ash tissue) (Table 1). The 
estimates of average accumulated radia- 
tion dose for the bone marrow will there- 
fore be subject to greater fluctuation. If, 
however, we assume that the average ac- 
cumulated radiation dose to the bone mar- 
row is one tenth of the average accumu- 
lated radiation dose to the liver, then the 
average accumulated radiation dose to the 
bone marrow would be in the order of 350 
rads in $0 years. 

B. Hematologic Studies. 1. Anemias. 
Destruction of bone marrow might be ex- 
pected in thorotrast patients since it is one 
of the major sites of thorotrast deposition. 


JANUARY 


» 1g6c 


Twelve cases have been reported in which 
patients died 3 to 17 vears following thoro- 
trast Since 
almost all of these were aplastic anemias it 
is possible that the thorotrast may have 
contributed to the anemias by destroying 
bone marrow. The difficulty of conclusively 
establishing a relationship between thoro- 
trast deposition and hematologic disorders 
is illustrated in the study of 222 patients 
by Backer.*!” 

2. Leukemias. At present there has been 
no specific type of leukemia found in pa- 
tients who previously received thorotrast. 
It would therefore seem that any correla- 
tion between leukemia and thorotrast ad- 
ministration will have to be made by show- 
ing an increased incidence in a large series 
of thorotrast patients compared to a con- 
trol series of patients. Moloney’ has re- 
cently made a study of the induction of 
leukemia in man by irradiation. Only to 
cases were found in which thorotrast had 
been given prior to the development of leu- 
kemia. Adequate data were available in 
only 6 cases. The time between thorotrast 
administration and the occurrence of leu- 
kemia was 12+7 pa- 
81,125 

C. Bone. The thorium content of com- 
pact and cancellous bone shortly after 
thorotrast administration and many years 
after thorotrast administration was found 
to be very small*! (Table 1). Radiochemical 
analysis of the radium isotopes of the or- 
gans of greatest thorium deposition (7.e., 
liver, spleen, bone marrow) and bone were 
made to see if any significant transference 
of the radium isotopes to bone occurred™ 
(Table 11). These results indicate that only 
a minute fraction of the long-lived radium 
isotope as well as is present 
in the skeleton either shortly after thoro- 
trast administration or after long periods 
of deposition. Since the analyses were made 
several months after death, no attempt was 
made to estimate the radiation dose to 
bone because of the decay of the short- 
lived 3.6 day radium isotope, 
(Fig. 1). Autoradiographic studies have 
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Fic. 1. The decay scheme for the uranium and the thorium series. In general decay, the progress is from the 


upper right area to the lower left area of the chart. Progression horizontally to the left occurs when an 
alpha particle is emitted. Progression downwards connotes a beta particle emission. 


given further evidence that only minute 


amounts of the two long-lived daughters of 


the thorium decay series, mesothorium 
(Ra*5) and radiothorium are 
present in or transferred to bone. Auto- 
radiographs of bone sections given long 
exposures (up to two years) revealed that, 
although bone shows a higher activity than 
natural background, the activity was 
minute as compared to the activity in the 
liver, spleen and bone marrow.*° 

It is possible that if Ra®* is transferred 
to bone after being produced in the liver 
and spleen, then the skeleton would have 
to be considered as a primary site with re- 
gard to the radiation dose from thorotrast, 
as the remaining six daughter radioele- 
ments of the thorium decay series have 


half lives in the order of seconds to min- 
utes, with the exception of Pb?! which 
has a half life of 10.6 hours. 

A recent report (1957) of preliminary 
calculations has been made of the possible 
skeletal burden of activity of a patient with 
4 gm. of thorium.*! These authors estimate 
an alpha energy absorption by the skeleton 
equal to 40 to 100 per cent of that absorbed 
by the skeleton of a patient with o.1 ug. 
of radium, the present permissible level. 

Minor skeletal irregularities were found 
on skeletal survey of these patients and the 
preliminary results were published in 
1954.°* These skeletal roentgenographic 
findings are considered to be equivocal. We 
were able to demonstrate that some of the 
irregularities along the endosteal surface 
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may have been the result of the deposited 
thorotrast. Extensive examination of com- 
pact and cancellous bone was made on 
specimens obtained from 2 patients who 
died 17 days (patient M.H.) and 19 years 
(patient A.D.) after thorotrast adminis- 
tration. Portions of the same specimens 
were used for histopathologic studies, 
thorium analysis and radium isotope anal- 
ysis (Table 1). No quantitative difference 
was observed in the bone specimens when 
compared to bone specimens of comparable 
age groups. No histopathologic changes 
characteristic of radium deposition were 
found.® (Bone specimens from a thorotrast 
patient supplied by Dr. Charles Johansen 
of Copenhagen also failed to show his- 
topathologic changes characteristic of ra- 
dium deposition.) Moreover, Faber (1957)° 
reported that skeletal surveys made on a 
larger and more unselected series of pa- 
tients have failed to show similar skeletal 
irregularities. 

Dental and dental roentgenographic ex- 
aminations were made on 8 patients. In 
none of these patients were dental effects 
found which could be attributable to 
thorotrast. 

If a relationship exists between the ad- 
ministration of thorotrast and the minor 
skeletal irregularities seen roentgeno- 
graphically, it would be most likely from 
the radiation from the thorotrast aggre- 
gates in the bone marrow along the endos- 
teum. One of the primary effects would 
probably be the result of decreased bone 
resorption along the endosteal surfaces as 
a result of damage to the osteoclasts. The 
minute radioactivity in bone most likely 
comes from the thorium deposited in the 
haversian canals, as no significant transfer 
of the radium isotopes from other parts of 
the body have been demonstrated at pres- 
ent. However, it is considered that the re- 
sults of the studies to date give evidence 
which warrant further study.* 


* Specimens of compact and cancellous bone from a few pa- 
tients shortly after death will permit the completion of the study 
to determine if the 3.6 day Ra?*4 isotope is transferred to bone. 
It is requested that bone specimens be sent to Dr. John Hursh, 
Division of Radiation Biology, University of Rochester, School 
of Medicine and Dentistry, Rochester, New York. 


William B. Looney 


January, 1960 


D. Lungs. The lungs of 4 patients in the 
National Naval Medical Center study 
(Table 1) were found to have an average of 
200 mg. of thorium. It was estimated that 
the lungs would receive 0.06 rads per week, 
assuming homogeneous thorium distribu- 
tion throughout the lungs. Exhaled thorium 
was not taken into consideration in these 
calculations of the radiation dose. 

Mitchell’? has estimated that the thoron 
produced in the body of patients given 75 
cc. of thorotrast will give a radiation dose 
to the alveolar epithelium of lungs (ap- 
proximately 150 gm. of lung tissue) of 4 
rads per week. This is based on the as- 
sumption that 5 per cent of the thoron 
produced by thorium decay in the liver, 
spleen and bone marrow will be transferred 
by the blood stream to the lungs and ex- 
haled. 

The other available data on long-term 
pulmonary exposure from thorium are 
from a group of individuals employed in a 
thorium refinery.* There were 60 employees 
who had worked in direct exposure to 
thorium and thoron. Approximately, one- 
half of these, 26 employees working at the 
time of the survey, had worked 10 years or 
more. No significant medical abnormalities 
were found which could be attributed to 
either thorium or thoron. 

One of these workers died from a coro- 
nary occlusion after being employed for 10 
years in the refinery. The alpha activity 
was 17 dpm in 6 mg. of ashed lung tissue. 
Based on the assumptions that the ashed 
weight of the lungs was 5 per cent of the 
wet weight and that the total wet weight 
of the lungs was 1,000 gm., the radiation 
dose to the lungs was estimated to be o.2 
rads per week. The total thorium content 
of the lungs was derived from the alpha 
activity in the ashed lung tissue. It was 
estimated that 110 mg. of thorium was 
homogeneously distributed throughout the 
lungs of this worker. The radiation dose to 
the lungs from 110 mg. of thorium was 
estimated to be about 0.03 rads per week, 
based on the assumptions of Hursh e¢ a/.™ 
or about one-seventh of the radiation dose 
estimated by Albert ef 
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Evans’ has estimated that about 0.2 per 
cent of the thoron produced from meso- 
thorium in the skeletons of the luminous 
dial workers is exhaled. It was calculated 
that 7 minutes is the time required for 
thoron atoms to move trom the skeleton to 
be exhaled. This 7-minute travel time of 
thoron atoms produced in bone may be 
longer than would be necessary for the 
thoron atoms produced in the liver, spleen 
and bone marrow to be transferred to the 
lungs and exhaled. It is reasonable to ex- 
pect that the percentage of thoron exhaled 
will lie somewhere within the range of es- 
timates made by Mitchell and Evans. If 
we assume that I per cent of the thoron is 
exhaled, then the radiation dose to the 
lungs of the patients with 75 cc. of thoro- 
trast would be about 1 rad per week based 
on Mitchell’s estimates. Based on present 
information, it would also seem that the 
most reasonable estimates of radiation dose 
to the lungs of thorotrast patients who had 
received 75 cc. of thorotrast would be about 
1 rad per week. 

EK. Carcinogenesis. Marked proliferation 
of connective tissue has been found around 
the extravasation of thorotrast in the neck 
and arms of some of the thorotrast patients. 
Considerable quantities of thorotrast are 
concentrated in relatively small volumes 
following injection into ducts, sinuses, etc. 
Nine tumors have been reported which 
have developed at the sites of local injec- 
tion of 108,109,130 
tumors were found in the maxillary sinus, 
neck, breast, kidney, bronchus and eyelid. 
The time from administration until the oc- 
currence of the tumor ranged from 6 to 35 
years. Extremely dense and hard indurated 
masses form around these areas of extra- 
vasation. Only one malignant tumor has 
been reported to arise in these soft tissue 
masses, 6 years after thorotrast adminis- 
tration. A fibrous sarcoma developed in a 
patient at the site of injection in the cer- 
vical region. Following incomplete re- 
moval, the patient died 2 years later from 
generalized metastases. 

Another patient was found to have an 
adenocarcinoma of the head of the pan- 
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creas and a hypernephroma of the kidney.” 
Both neoplasms were in the region of a 
large deposit of thorotrast in the adjacent 
lymph nodes. The patient, aged seventy 
vears, had been given thorotrast for ar- 
teriography following intermittent clau- 
dication 13 years previously. 

Abrahamson ef a/.' found bilateral al- 
veolar cell carcinoma in the lungs of a 
patient who had received 75 cc. of thoro- 
trast 16 years prior to death. The authors 
discuss the unique characteristics of the 
tumor and suggest that a_ relationship 
might exist between the presence of thoro- 
trast and the induction of the neoplasm. 

Twenty cases of primary hepatic tumors 
have been reported in patients who had 
been given thorotrast. Ten of these cases 
had carcinoma either of the liver or bile 
ducts. !2:3! 33.4047 ,76 80,8294 117 Five ot the 20 
patients were given thorotrast to visualize 
the liver and spleen. In most of the remain- 
ing cases thorotrast was administered in 
attempts to diagnose hepatic disease. The 
contribution of cirrhosis resulting from he- 
patic disease would have to be taken into 
consideration in the evaluation of the cause 
of tumor induction. The frequency of pri- 
mary hepatocellular and cholangiocellular 
tumors reported by Lunseth®® is 0.33 per 
cent of 26,410 autopsies performed at the 
Cook County Hospital between Igig and 
1950. The incidence of these tumors in- 
creased in the older age groups; therefore, 
adequate control studies would be neces- 
sary to conclusively establish a relation- 
ship between thorotrast administration 
and hepatocellular and cholangiocellular 
tumors. 

The most significant findings in regard to 
tumor induction in man are neoplasms of 
the liver of mesodermal origin. Nine cases 
have been 64, 92,120 
One "5 and presumably 2 hepatic tu- 
mors of mesodermal origin in this series of 
35 cases, and the experimental production 
of similar tumors in animals by Johan- 
sen,’ Guimaraes, Lamerton and Chris- 
tensen,!'#2 Christensen and Sommers,” 
Swarm,'® and Zeitlhofer and Speiser'® are 
considered to be sufficient evidence to es- 


) 
17d 


tablish a relationship between thorotrast 
administration and tumor induction in 
man. Based on the present available infor- 
mation, it would appear that an almost 
thorotrast specific tumor is developing. 
Stout! reports that these tumors are ex- 
tremely rare. In 1956 Baker et al." found 
only 25 cases of primary hep: itic tumors of 
mesodermal origin in a review of the liter- 
ature. 

The estimated accumulated radiation 
dose to the liver in the thorotrast patients 
who developed Kupffer cell sarcoma of the 
liver was compared with the estimated ac- 
cumulated radiation dose to the skeleton 
in the radium patients who developed sar- 
comas. The mean latent period in the 5 
radium patients was 23+4 years. The 
mean accumulated radiation dose in the 5 


patients was estimated to be in the order of 


4,000 rads. The lowest estimated accumu- 
lated radiation dose to bone to induce a 
tumor was in the order of 1,000 rads. The 
mean latent period in 8 of the 10 thorotrast 
patients with reticulosarcomas was 15 +7 
years, and the mean estimated accumulated 
radiation dose in 1§ years was in the order 


of 1,000 rads based on the estimates of 


Rundo,!°* and 1,500 rads based on the es- 
timates of Hursh ef a/.°* The average ac- 
cumulated radiation dose to the liver of the 
patient who developed a tumor 3 years 
after the administration of 20 cc. of thoro- 
trast was estimated to be about 100 rads. 
The question of the induction of reticulo- 
sarcoma of the liver by thorotrast will 
have to be re-evaluated as a result of a re- 
cent report of the occurrence of 3 similar 
hepatic tumors in 25 patients with chronic 
arsenic poisoning reported by Roth.** This 
report raises the question of the contribu- 
tion of the presence of thorium, as well as 
the radiation from the daughter products 
of the thorium decay series, to the induc- 
tion of the tumors. Are these rare hepatic 
tumors in thorotrast patients radiation in- 
duced, or chemically induced, or a com- 
bination of chemical and radiation effects? 
KF. Clinical Follow-Up Studies. In 1942 a 
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given thorotrast was carried out by Yater 
and Coe.'*§ It was found that 189 patients 
were dead and 67 patients could not be 
located. There were no deleterious eftects 
which could be attributed to thorotrast ad- 
ministration noted in the 30 patients ex- 
amined. The list of patients of Yater and 
Coe was used in the location of some of the 
patients in these studies. Results of the 
clinical examination and laboratory find- 
ings of the study of Yater and Coe are 
given in Tables 1 and 11, along with the 
clinical examination and laboratory find- 
ings of this study. 

A summary of the pertinent results of the 
principal thorotrast follow-up studies made 
over the past 30 years is given in Table 
vu. In the earlier studies no deleterious ef- 
fects attributable to thorotrast could be 
found. Recent studies, however, show that 
local and general effects from thorotrast 
are beginning to occur. The four follow-up 
studies published recently illustrate the 
need for evaluation of large unbiased 
groups of patients to obtain a true clinical 
picture of the late effects of thorotrast. For 
example, the results of the study of Fruh- 
ling et a/.** would seem to indicate that the 
late deleterious effects from thorotrast are 
more severe than the studies of Backer,*!" 


Faber,®® Johansen,*’ and Rundo and 
Faber,'!% and the study of Berrett and 
MacRae™ would indicate. These recent 


follow-up studies show that the number of 
deleterious effects which can be detected 
by present methods of clinical evaluation 
and specifically attributed to thorotrast has 
been small. However, these studies demon- 
strate the inadequacy of our present clinical 
methods for detecting the deleterious ef- 
fects of thorotrast. It is evident from path- 
ologic studies that considerable destruction 
has occurred in some of the organs in which 
thorotrast is deposited; yet, the clinical 
methods now available cannot properly 
evaluate the reduction in function caused 
by the destruction of the parenchyma of 
the involved organs. For example, it is well 
known that clinical tests now available 
cannot detect abnormalities until a major 


Clinical Findings following Thorotrast Administration 179 


Tas_e VIII 


PHOROTRAST FOLLOW-UP STUDIES 


Total No. 


ot | tien ts 


Results Investigator Comments 


1935 175 No deleterious effects found Rigler, Koucky | 3.5 year follow-up. 100 pa- 
and Abraham® | tients dead from primary 
disease. 32 patients not 
traced. 43 patients living 
and apparently unaffected 
1942 286 No deleterious effects found Yater and Coe!’ | 10 year follow-up. 189 pa- 
tients dead. 67 patients 
not traced. 30 patients ex- 
amined 
1951 4,235 2 malignant tumors of liver, and 1 | Thomas, Henry | Questionnaires sent to 132 
leukemia and Kaplan"? | radiologists 
1953 235 4 anemias and 2 leukemias Johansen, Back- 
er, Rundo and 
57,104 
1955 35 1 hemangioendothelioma of liver. | Looney, Hursh, | Retention approximately 
Induration at site of injection in 4 | Colodzin and 15 years. 14 patients dead. 
patients. Minor hematologic changes | Stedman®™:® Mean age at death, 62 
years 
1956 21 1 endothelial cell sarcoma of liver. | Fruhling, Gros, | Mean retention approxi- 
1 primary hepatoma of liver. 1 car- | Batzenschlager | mately 10 years. 12 pa- 
cinoma of maxillary sinus. 9 of 12 | and Dorner*® tients dead 
patients studied had less than 4 mil- 
lion erythrocytes per mm.° 
1958 136 } patients dead from malignant dis- | Berrettand Mac-, Follow-up of 136 patients 


ease other than that for which thor- | Rae! 
otrast was given (7.e., carcinoma of 
stomach, mouth and lung). None 


considered to be related to thoro- 


who had carotid arteriog- 
raphies between 1934 and 
Evaluation of 134. 
66 now dead. None attrib- 


trast. Hematologic studies on 26 pa- 
tients showed only low lymphocyte 


utable to complications of 
thorotrast 


counts in 2 patients 


part of the liver is destroyed. The bromsul- 
phalein test is one of the most widely used 
clinical tests for the detection of damage 
from diffuse and chronic liver disease. 
Lichtman in his discussion of hepatic 
function tests states that the test is most 
likely to yield positive results where liver 
damage is diffuse and extensive (e.g., portal 
cirrhosis, biliary cirrhosis). The inade- 
quacies inherent in our present methods of 
clinical evaluation apply not only to the 
evaluation of the thorotrast patients, but 


to the clinical effects of radiation in general. 
The inadequacy of our criteria for deter- 
mining our present maximum permissible 
concentrations for radioelements and radia- 
tion, in general, is primarily the result of this 
lack of sensitivity of clinical tests to detect 
radiation damage. In most instances, we do 
not have at present satisfactory methods 
for determining the extent of reduction of 
organ function before the tests become 
positive. Moreover, the combined effects of 
thorotrast and intercurrent disease proc- 
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esses may act synergistically to produce far 
greater effects than either the disease or 
thorotrast acting independently. 


SUMMARY AND CONCLUSIONS 

1. The status of 35 patients who re- 
ceived thorotrast has been determined. 
There were relatively few deleterious etfects 
directly attributable to thorotrast in these 
patients. The reports of the deleterious ef- 
fects of thorotrast, since its first use in 
1928, have been few. 

2. The occurrence of one, and presum- 
ably 2, rare hepatic tumors of mesodermal 
origin in this series of 35 patients and the 
reports of g additional tumors in the litera- 
ture indicate that a relationship exists be- 
tween thorotrast administration and hepat- 
ic tumor induction in man. It would seem 
that these hepatic tumors will emerge as 
the predominant tumor in thorotrast pa- 
tients, as bone tumors have emerged as the 
predominant tumor in the luminous dial 
workers and people who received radium 
medically. The mean accumulated radia- 
tion dose to the liver in 8 of these patients 
during the 15 year latent period was es- 
timated to be in the order of 1,000 rad. 
The lowest estimated accumulated dose of 
a patient who developed a hepatic tumor 
was in the order of 100 rad. 

3. The question of whether the tumor 
induction in the thorotrast patients is the 
result of the presence of thorium, a result of 
radiation from the thorium decay series, or 
a combination of both, must, in the last 
analysis, await a better understanding of 
chemical and radiation carcinogenesis. Sim- 
ilar tumors have been found in vineyard 
workers with chronic arsenic poisoning. 

4. The combined microscopic, labora- 
tory, and clinical studies have demon- 
strated the inadequacy of our present clin- 
ical and laboratory methods for detecting 
the deleterious effects of thorotrast as well 
as radiation in general. The spleens of some 
patients were almost completely destroyed; 
yet, no means are presently available to 
evaluate the effects of this destruction. 

5. The mean age of 13 of the 35 patients 
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who have died was 62 years. Because of the 
small number of patients and the inability 
to evaluate the contribution of the disease 
process, no attempt was made to determine 
if life span shortening was caused by thoro- 
trast. However, the marked destruction of 
organs, which is undetected by our present 
means of examination, suggests that re- 
duction in organ function may contribute 
to a reduction in life span. Moreover, a 
more specific mode of evaluation of life 
span shortening might be accomplished by 
the evaluation of the contribution of the 
effects of reduced organ function. 

6. One of the great difficulties in the 
proper evaluation of clinical changes pro- 
duced by small amounts of radiation is the 
determination of the validity of results. 
Since thorotrast was widely used in the 
United States, coordinated follow-up 
studies in medical centers on a nation-wide 
basis would be an effective means of ob- 
taining information about the effects of 
thorotrast on hundreds of patients. In ad- 
dition, the national organization of a fol- 
low-up study would permit the incorpora- 
tion of similar studies within its framework. 
Kurthermore, the availability of a large 
source of clinical material should facilitate 
the study of the mechanism of radiation in- 
duced somatic, neoplastic and 
changes in man.* 
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FORTY-SECOND ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE, Forty-second Annual Meeting of 

the American Radium Society will be 
held at the Caribe Hilton Hotel, San Juan, 
Puerto Rico, on Thursday, Friday, and 
Saturday, March 17, 18, and 19, 1960. Ini- 
tial registration will take place from 2:00 
to 5:00 p.m. on Wednesday, March 16 and 
will continue throughout the meeting. 

A scientific program which should prove 
particularly interesting has been arranged. 
Included will be a colloquium on ways and 
means of altering the radiation reaction, a 
little-explored field in radiotherapy. Dr. 


James Nickson will act as moderator. 


Contributions will also be made by two 
of our distinguished honorary members, 
Dr. Jens Nielsen and Dr. Manuel Leder- 
man. The Society is most fortunate, too, in 
obtaining Dr. Sven Hultberg, Director of 
Radiumhemmet, Stockholm, and Dr. Carl- 
Axel Hamberger, Director of the ENT 
Clinic, Sahlgrenska Hospital, Gothenburg, 
Sweden, as participants in the program. 
Sixteen additional papers will be presented 
by members and guests of the Society. The 
preliminary scientific program appears 
elsewhere in this issue of the JOURNAL. 

Because of the tropical climate, the sci- 
entific sessions will begin early and end at 
1:30 p.M. This will allow time for “‘siesta”’ 
and attord the opportunity for informal 
discussion of the material presented at the 
morning sessions. 

The Janeway Lecture will be delivered 
by a former president of the Society, Dr. 
William S. MacComb, Chairman of the 
Head and Neck Service, M. D. Anderson 
Hospital and Tumor Institute, University 
of Texas, Houston. Dr. MacComb will 
bring to his audience a rich background of 


experience in surgical and_ radiological 
treatment of head and neck cancer. 

The Radium Chemical Company, 
through its president, Mr. Joseph A. Kelly, 
Jr., has established for the 1960 meeting of 
the American Radium Society a grant to 
be used for sponsoring distinguished guests, 
as a memorial to the late George H. Loftus, 
who died suddenly on May 28, 1959, at the 
age of sixty-seven. Mr. Loftus, a native of 
Utica, New York, studied at Syracuse 
University. He was vice-president of the 
Radium Chemical Company of New York 
and had long been closely associated with 
the use of radium in medical practice. The 
high regard which he held for the American 
Radium Society and the close friendship he 
maintained for many years with the mem- 
bers of this Society make such a memorial 
a fitting gesture. 

Dr. Victor A. Marcial, Director of the 
Bureau of Cancer Control, Department of 
Health, Commonwealth of Puerto Rico, is 
chairman of arrangements, and promises 
an interesting and pleasant program for the 
leisure hours, as well as special activities 
for the ladies. One of the social highlights 
will be a beach party, which will be held on 
Thursday. Unquestionably, Puerto Rico, 
with its sunny climate, should provide a 
welcomed respite for those who attend. 

Because of a limited number of reserva- 
tions at the Caribe Hilton Hotel, members 
were given priority until January 1, 1960. 
After this date, reservations are open to 
guests and members. Nonmembers should 
include with their application for reserva- 
tion a registration fee of $10.00, payable to 
the American Radium Society. Reserva- 
tion blanks may be obtained from Mr. 
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James Guzman, Reservation Manager, A most pleasant sojourn is assured. 

Caribe Hilton Hotel, San Juan, Puerto 

Rico. TuHeEoporRE R. M.D., President 
The officers of the American Radium So- The American Radium Society 

ciety extend a cordial invitation to all who — , 35 Fast 36th Street 

are interested in the Society and its work. New York 16, New York 
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SOCIETY PROCEEDINGS AND NEWS ITEMS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UniTeED StTaTEs OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Ambassador Hotel, Atlantic City, 
N. J., Sept. 27-30, 1960. 

AMERICAN RapDIUM SOCIETY 
Secretary, Dr. Robert L. Brown, Winship Clinic, Emory 
University, Atlanta 22, Ga. Annual meeting: Caribe Hil- 
ton, San Juan, Puerto Rico, March 17-19, 1960. 

RADIOLOGICAL Society oF NortH AMERICA 
Secretary, Dr. D. S. Childs, 713 E. Genesee St., Syracuse 
2,N. Y. Annual meeting: December 4-9, 1960, Cincinnati, 
Ohio. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting: Feb. 3-6, 
1960, Roosevelt Hotel, New Orleans, La. 

SECTION ON RapioLocy, AMERICAN MeEpIcAL ASssocIATION 
Secretary, Dr. T. Leucutia, Harper Hospital, Detroit 1, 
Mich. Annual meeting: June 13-17, 1960, Miami Beach, 
Fla. 

AMERICAN Boarp oF RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hote! Building. Rochester, Minn. 
The spring 1960 examination will be held at the Terrace 
Hilton Hotel, Cincinnati, Ohio, June 6—10; deadline for 
filing applications was January 1, 1960. A Special Ex- 
amination in Nuclear Medicine (for diplomates in Radi- 
ology or Therapeutic Radiology) will be offered provided 
there are sufficient applications. 

TENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Secretary-General, Dr. Carleton B. Peirce, Royal Vic- 
toria Hospital, Montreal 2, Quebec, Canada. Meets in 
Montreal, Aug. 26-Sept. 1, 1962. 

SEVENTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Secretary, Dr. Laura Farinas, Havana, Cuba. Counselor 
for the United States, Dr. J. A. del Regato, Penrose 
Cancer Hospital, 2200 North Cascade Avenue, Colorado 
Springs, Colorado. The meeting will be held in Brazil in 
1961. 

ALABAMA RADIOLOGICAL 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 86 E. Ran- 
dolph St., Chicago, III. 

ArIzonaA RADIOLOGICAL SOCIETY 
Secretary, Dr. R. Lee Foster, 1313 N. Second St., 
Phoenix, Ariz. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SocIETY 
Secretary, Dr. J. B. Scruggs, Arkansas Baptist Hospital, 
Little Rock, Ark. Meets every three months and also at 
time and place of State Medical Association. 

AssoctaTion oF University RADIOLOGISTS 
Secretary, Dr. Paul Riemenschneider, Medical College 
State University of New York, Syracuse, N. Y. Annual 
meeting to be announced. 

ATLANTA RADIOLOGICAL SocIETY 
Secretary, Dr. J. L. Clements, Jr., 35 Linden Ave., N.E., 
Atlanta 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 


BLockLy RaApDIOLoGIcAL SociETY 
Secretary, Dr. Samuel Finkelman, tot S. Twentieth St. 
Philadelphia, Pa. 

BROOKLYN RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Manfredonia, One Hanson 
Place, Brooklyn, N. Y. Meets first Thursday of each 
month October through May. 

BuFFALo RADIOLOGICAL SOCIETY 
Secretary, Dr. Alfred Dobrak, 710 Leydecker Rd., Buf- 
falo 24, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

Centra New York RaDIOLoGIcaL Society 
Secretary, Dr. Joseph A. Head, 150 Marshall St., Syra- 
cuse, N. Y. Meets first Monday each month October 
through May. 

CENTRAL Onto RaADIOLoGIcAL SociETY 
Secretary, Dr. William B. Schwartz, 1500 W. Third Ave., 
Columbus, Ohio. Meets at 6:30 P.M. on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL Society oF NucLeAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Building, 1903 West Harrison St., Chicago 12, Ill. 

Cui1caco RoENTGEN SOCIETY 
Secretary, Dr. George B. Cahill, 802 Burns Ave., Floss- 
moor, Ill. Meets second Thursday of each month, Octo- 
ber to April except December at the Sheraton Hotel at 
8:00 P.M. 

CLEVELAND RapIoLocicaL Society 
Secretary, Dr. Norman E. Berman, 14404 S. Park Blvd., 
Shaker Hgts. 20, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of each month from October to April at Tudor 
Arms Hotel. 

RADIOLOGICAL SOCIETY 
Secretary, Dr. Bertram L. Pear, 3705 East Colfax Ave., 
Denver 6, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Connecticut VALLEY RaproLocic Society 
Secretary, Dr. Paul J. Kingston, 114 Woodland St., Hart- 
ford, Conn. Meets first Friday in February and April. 

Da.ias-Fort WortH RapIoLocicaL CLusB 
Secretary, Dr. A. H. Keene, 3707 Gaston Ave., Dallas, 
Texas. Meets monthly, third Monday, at Greater Fort 
Worth International Airport at 6:30 P.M. 

Detroit RoENTGEN Ray anD Rapium Society 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hos- 
pital, Detroit 1, Mich. Meets monthly first Thursday, 
October through May, at David Whitney House, 1o10 
Antietam, at 6:30 P.M. 

East Bay RoentGEN Society 
Secretary, Dr. Dan Tucker, 434 joth St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. Marsh Frere, Jr., 205 Medical Arts 
Building, Knoxville, Tenn. Meets in January and Sep- 
tember. 

EasTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. John D. Osmond, Jr., Euclid-Glenville 
Hospital, Cleveland 19, Ohio. Meets at Mid Pines Club, 
Southern Pines, N. C., March 6-10, 1960. 

FLoRIDA RaDIoLoGIcaL SociETY 
Secretary, Dr. John P. Ferrell, 166 4th Ave., St. Peters- 
burg, Fla. Meets twice annually, in the spring with the 
annual State Society Meeting, and in the fall. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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FLoripa West Coast SocieTy 
Secretary-Treasurer, Dr. Joseph C. Rush, 1501 Jungle, 
St. Petersburg, Fla. 

GeEorGIA RADIOLOGICAL SoclETY 
Secretary, Dr. George W. Brown, Griffin, Ga. Meets 
in spring and fall with Annual State Society Meeting. 

GREATER Miami RapDIOLoGIcAL SociETY 
Secretary, Dr. George P. Daurelle, Jackson Memorial 
Hospital, Miami 36, Fla. Meets monthly third Wednesday 
at 8 p.m. at Jackson Memorial Hospital, Miami, Fla. 

GREATER St. Louis RADIOLOGICAL SOCIETY 
Secretary, Dr. Harvey A. Humphrey, 462 N. Taylor, St. 
Louis 8, Mo. 

Houston RapIoLocIcaL Society 
Secretary, Dr. Edward B. Singleton, 6621 Fannin St., 
Houston 25, Texas. Meets last Monday each month, 
Seminar Room, Doctors’ Club of Houston. 

IpaHo STATE RADIOLOGICAL SoclETY 
Secretary, Dr. Charles R. McWilliams, Magic Valley 
Memorial Hospital, Twin Falls, Idaho. Meets annually 
at same time as Idaho State Medical Association. 

ILtino1s RADIOLOGICAL SociETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic 
Urbana, Ill. Meets in spring and fall. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. David E. Wheeler, 1500 North Ritter, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RapioLocica Society 
Secretary, Dr. James T. McMillan, 1104 Bankers Trust 
Bldg., Des Moines, Iowa. Luncheon and business meet- 
ing during annual session of Iowa State Medical Society. 
The scientific section is held in the autumn. 

Kansas RADIOLOGICAL SociETY 
Secretary, Dr. Lewis G. Allen, 807 Huron Bldg., Kansas 
City, Kansas. Meets in spring with State Medical So- 
ciety, and in winter on call. 

Kentucky Society 
Secretary, Dr. Robert H. Akers, V. A. Hospital, Louis- 
ville 2, Ky. Meets monthly on second Friday at Seelbach 
Hotel, Louisville. 

Kincs County Soctety 
Secretary, Dr. C. P. Naidorf, 411 Parkside Ave. Brooklyn 
26, N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:45 P.M. 

Los ANGELFs RADIOLOGICAL SocIETY 
Secretary, Dr. Denis C. Adler, 2010 Wilshire Blvd., Los 
Angeles 57, Calif. Meets second Wednesday of month 
in September, November, March, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles 

RapIoLocicaL Society 
Secretary, Dr. Edward C. Porter, 489 State Street, 
Bangor, Maine. Meets in June, September, December 
and April. 

MarYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Nathan B. Hyman, 1805 Eutaw Place, 
Baltimore 17, Md. 

Mempuis RoentGEN Society 
Secretary,Dr. Hollis H. Halford, Kennedy V.A. Hospital, 
Department of Radiology, Memphis 15, Tenn. Meets 
first Monday of each month at John Gaston Hospital. 

Miami VALLEY Society 
Secretary, Dr. S. F. Johnson, 2197 Los Arrow Dr., Dav- 
ton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mip-Hupson Society 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 
Poughkeepsie, N. Y. Meets 8:30 p.m., fourth Wednesday 
each month, September to May. 

MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. Joseph F. Wepfer, sooo W. Chambers St., 
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Milwaukee 10, Wis. Meets monthly on fourth Monday, 
October through May, at University Club. 

Minnesota RaDIOLoGICAL SOCIETY 
Secretary, Dr. Donald H. Peterson, 853 Medical Arts 

Bldg., Minneapolis 2, Minn. Meets three times annually, 
in fall, winter and spring. 

Mississtpp1 RADIOLOGICAL SociETY 
Secretary, Dr. Bernard T. Hickman, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month at Hotel Edwards, Jackson, at 6:00 P.M. 

MonTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. K. Boughn, 35 11th Ave., Helena, 
Montana. Meets at least once a year. 

Nassau RADIOLOGICAL SOCIETY 
Secretary, Dr. Jerome Zwanger, 126 Hicksville Rd., Mas- 
sapequa, L. I., N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Ronald FE. Waggener, The Radiologic 
Center, Nebraska Methodist Hospital, Omaha 31, Ne- 
braska. Meets third Wednesday of each month at 6 P.M. 
in Omaha or Lincoln. 

New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. John E. Gary, 1180 Beacon St., Brookline 
46, Mass. Meets third Friday of each month, Octo 
ber through May, at The Longwood Towers, Brookline, 
Mass. 

New HampsuHire ROENTGEN Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New York ROENTGEN SOCIETY 
Secretary, Dr. William B. Seaman, 622 W. 168th St., 
New York, N. Y. Meets monthly on third Monday, 
New York Academy of Medicine, at 4:30 P.M. 

NortH Caro.inaA RaDIOLoGIcAL SOCIETY 
Secretary, Dr. Owen Doy le, gob Dover Road, ( ireensboro, 
North Carolina. Meets in the spring and fall each year. 

Nortu Dakota Society 
Secretarv, Dr. Marianne Wallis, St. Joseph’s Hospital, 
Minot, N, D. Meetings by announcement. 

Nortu Fioripa Society 
Secretary, Dr. Paul A. Mori, 800 Miami Road, Jackson- 
ville 7, Fla. Meets quarterly in March, June, September 
and December. 

NorTHEASTERN New YorK RADIOLOGICAL SOCIETY 
Secretary, Dr. Irving Van Woert, Jr., Albany Hospital, 
Albany, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NorTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

Outo State RADIOLOGICAL SOCIETY 
Secretary, Dr. Paul D. Meyer, 125 S. Grant 
Columbus, Ohio. Annual meeting to be announced. 


Ave., 


OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. Murphree, 617 E. Brookfield, Ponca 
City, Okla. Three regular meetings annually. 

RaDIOLocIcaL Society 
Secretary, Dr. Barbara J. Radmore, 1162 Willamette, 
Eugene, Ore. Meets monthly from October to June on 
the second Wednesday of each month at 8:00 P.M, at the 
University Club. 

Orx.eans ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Pactric Nortuwest RADIOLOGICAL SocieTy 
Secretary, Dr. J. Arch Colbrunn, 19 Royal Oak Drive, 
Roseburg, Ore. Annual meeting: Vancouver, British 
Columbia, May, 1960. 


VoL. 83, No. 1 


Paciric ROENTGEN SOCIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets annually during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter P. Bitner, 234 State St., Harris- 
burg, Pa. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Robert B. Funch, Department of Radi- 
ology, Germantown Hospital, Philadelphia 44, Pa. Meets 
first Thursday of each month, at § p.m., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Charles N. Chasler, 3500 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, 
October through June at Park Schenley Restaurant. 

RADIOLOGICAL SecTION, BALTIMORE MEDICAL Society 
Secretary, Dr. James K. V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive. 

Society OF GREATER CINCINNATI 
Secretary, Dr. Stanley J. Lucas, 417 Provident Bank, Cin- 
cinnati 2, Ohio. Meets monthly from September to May 
on first Monday of each month at 7:30 p.m. at the Cin- 
cinnati General Hospital. 

RADIOLOGICAL Society oF Hawar 
Secretary, Dr. Louis L. Buzaid, The Queen’s Hospital, 
Box 861, Honolulu, Hawaii. Meets third Monday of each 
month at 7:30 P.M. 

RADIOLOGICAL SOCIETY OF GREATER Kansas Ciry 
Secretary, Dr. Samuel B. Chapman, Jr., 830 Argyle Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL OF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SociETY OF LOUISIANA 
Secretary, Dr. Seymour Ochsner, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RapioLocicaL Society oF New JERSEY 
Secretary, Dr. Austin J. Tidaback, 912 Prospect Ave., 
Plainfield, N. J. Meets at Atlantic City at time of State 
Medical Society meeting and in November in Newark, 
N. J. 

RaproLocicaL Society oF New York Strate 
Secretary-Treasurer, Dr Mario C. Gian, 610 Niagara St.. 
Buffalo 1, N. Y. Annual meeting to be announced. 

Society oF SoutH Dakota 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

Rapio.ocical Society OF SOUTHERN CALIFORNIA 
Secretary, Dr. Joseph F. Linsman, 436 N. Roxbury Dr., 
Beverly Hills, Calif. 

Repwoop Empire Society 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicHMonD County Society 
Secretary, Dr. W. F. Hamilton, Jr., University | lospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocHester Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Theodore F. Van Zandt, so1 W. Main St., 
Rochester 8, N. Y. Meets at 8:15 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocky Mountain Raptococicat Society 
Secretary, Dr. John H. Freed, 4200 Fast Ninth Ave.. Den- 
ver 20, Colo. Annual meeting: Denver Hilton Hotel, 
Denver, Colo., Aug. 11-13, 1960. 

San Anton1o-Mitirary RapioLocicaL Society 
Secretary, Dr. Hugo F. Flmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Texas. Meets third Wednesday 
each month in Fort Sam Houston Officer’s Club at 6:30 
P.M. 
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San Dieco Society 
Secretary, Dr. Stanley A. Moore, 2466 First Ave., San 
Diego 1, Calif. Meets first Wednesday of each month at 
the University Club. 

San Francisco Rapio.ocicat Society 
Secretary, Dr. M. A. Sisson, 450 Sutter St., San Francis- 
co 8, Calif. Meets quarterly at Grison’s Steak House. 

Section on Raprotocy, CALirorniA MEDICAL AssociaTION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section oN RaproLtocy, Connecticut State Mepicat 
Socrety 
Secretary, Dr. Ralph J. Littwin, Bristol Hospital, 
Bristol, Conn. Meetings are held bi-monthly. 

Section on RaproLtocy, Mepicat Soctety oF THE 
TRICT OF COLUMBIA 
Secretary, Dr. William E. Sheely, 1835 Eye St., N.W., 
Washington 6, D. C. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section on Rapro.ocy, ILtino1s State MepIca Society 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Chicago, IIl. 

Section on RapioLocy, SOUTHERN MEDICAL ASSOCIATION. 
Secretary, Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Prytania St., New Orleans 15, La. Annual meeting: Nov. 
16-19, 1959, Atlanta, Ga. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 P.M. 
September to May inclusive. 

Society oF Nuciear MEDICINE 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Bldg., Denver 2, Colo. Annual meeting to be announced. 

Soutu Bay Society 
Secretary, Dr. Stanford B. Rossiter, 1111 University Dr., 
Menlo Park, Calif. Meets second Wednesday of each 
month. 

Soutu CAROLINA RADIOLOGICAL SocrETY 
Secretary, Dr. Wayne Reeser, 804 Burroughs St., Con- 
way, S. C. One meeting with South Carolina Medical 
Association in May, others arranged by President. 

SouTHERN RADIOLOGICAL CONFERENCE 
Secretary, Dr. Marshall Eskridge, Mobile Infirmary, 
Mobile, Ala. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. Gordon Black, Suite 2-A, EF] Paso Medical 
Center, 1501 Arizona, El Paso, Texas. Meets second 
Tuesday of each month. 

TENNESSEB RADIOLOGICAL SOCIETY 
Secretary, Dr. James J. Range, P.O. Box 324, Johnson 
City, Tenn. Meets annually at the time and place of 
the Tennessee State Medical Association meeting. 

Texas RaproLocicat Society 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Texas. Next 
meeting January 22 and 23, 1960, Houston, Texas. 

Tri-State RaDIoLocicaL Society 
Secretary, Dr. James R. Mathews, 118 S. E. First St., 
Evansville, Ind. Meets last Wednesday of Oct., Jan., 
March and May, 8:00 p.m. at Elks’ Club in Evansville. 

Universrry oF MicniGAN DEPARTMENT OF ROENTGEN- 
oLocy STAFF MEETING 
Meets each Monday evening from September to June, 
at 7:00 P.M. at University Hospital. 

Ureer Pentnsuca Society 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran State Society 
Secretary, Dr. William R. Christensen, 2033 S. State St., 
Salt Lake City, Utah. Meets fourth Wednesday in Jan- 
uary, March, May, September and November at Holy 
Cross Hospital. 
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VirGIniA RaDIOLoGIcAL Society 
Secretary, Dr. Frank A. Kearney, II, 110 S. Curry St., 
Phoebus, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SocIETY 
Secretary, Dr. Wayne A. Chesledon, 306 Stimson Bldg., 
Seattle 1, Wash. Meets fourth Monday of each month 
from September through May at 610 Pine St., Seattle. 

West VirGiniA Society 
Secretary, Dr. Karl J. Myers, 112 N. Woods St., Philippi, 
W. Va. Meets concurrently with Annual Meeting of 
West Virginia State Medical Society; other meetings 
arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. James C. Montieth, 170 Maple Avenue, 
White Plains, N. Y. Meets on third Tuesday of January 
and October and on two other dates. 

Wisconsin RADIOLOGICAL Society 
Secretary, Dr. Howard G. Bayley, 116 Iroquois Parkway, 
Beaver Dam, Wis. Annual meeting each spring in vari- 
ous places. 

X-Ray Srupy or San Francisco 
Secretary, Dr. John H. Heald, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets monthly, third Thursday at 7:30 
p.m., Children’s Hospital, September through June. 


Cusa, Mexico, Puerto Rico anp CenTRAL AMERICA 


AsociaciOn DE RapidéLocos pE CENTRO AMERICA Y 
PanaMA 
Comprising: Guatemala, El Salvador, Honduras, Nica- 
ragua, Costa Rica and Panama, Secretary-General, 
Dr. Roberto Calderén, Calle Central Deste No. 218, 
Managua, Nicaragua. Meets annually in a rotating man- 
ner in the six countries. 

SociEDAD DE RapioLoGcia DE Ex SALvADorR 
Secretary, Dr. Rafael Vega Gémez. 

SoclEDAD DE RaDIOLoGiA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9*. Calle A 0-05, Zona 1, 
Guatemala. 

SocieDAD DE RapioLocfa CUBANA 
Secretary, Dr. Miguel A. Garcia Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SociEDAD CosraRRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernandez Carballo, Apartado VIII, 
San José, Costa Rica. 

SocteDaD Mexicana DE Rapto.tocfa, A. C. 

Calle del Oro No. 15, México 7, D. F. 
Secretary-General, Dr. Guillermo Santin. Meets first Mon- 
dav of each month. 

AsocraciOn PUERTORRIQUENA DE RaproLocfa 
Secretary, Dr. R. B. Diaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SocreDaD Ravro.écica PANAMENA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 6323, 
Panam4, R. de P. Meets monthly in a department of 
radiology of a local hospital, chosen at preceding meeting. 


British COMMONWEALTH OF NATIONS 


Associa TION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. Odilon Raymond, 5400 Blvd. Gouin. 
Quest, Montreal, Que. Meets four times a year. 

British Institute OF RapioLocy IncorPOoRATED WITH 
THE RGNTGEN 
Honorary Secretary, Dr. John Blewett, 32 Welbeck St., 
London, W. 1. Meets monthly from October until May. 

Facutty or RapIoLocists 
Honorary Secretary, Dr. R. A. Kemp Harner, 47 Lincoln’s 
Inn Fields, London, W.C.2, England. Annual meeting: 
June 10-11, 1960. 

SECTION OF OF THE RoyAL Society or Mept- 
(ConFINED ro MepicaL MemBers) 

Meets third Friday each month at 4:45 P.M. at the Royal 
Society of Medicine, 1 Wimpole St, London, W. 1. 
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CANADIAN AssociaTION OF RADIOLOGISTS 
Honorary Secretary, Dr. Robert G. Fraser, Associate Hon 
orary Secretary, Dr. Jean-Louis Léger, 1555 Summerhil| 
Ave., Monirea! 25, Que. Annual meeting: January 25-29 
1960, Royal York Hotel, Toronto, Ontario. 

Monrreat Rapio.ocicat Srupy CLus 
Secretary, Dr. F. McConnell, 1650 Cedar Ave., Montreal 
Quebec. Meets first Tuesday evening, October to April 

SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N.S 

CANADIENNE-FRANGAISE 
MEDICALE 
General Secretary, Dr. Louis Ivan Vallée, 1058 rue St- 
Denis, Montreal 18, Canada. Meets third Saturday each 
month. 

Toronto RapioLocicaL Society 
Secretary, Dr. L. R. Harnick, Toronto Western Hospital, 
399 Bathurst St., Toronto, Ontario. Meets second Mon 
day of each month September through May. 

oF RaDIOLoGIsts OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SoutH AMERICA 


AsociaciOn ARGENTINA DE RapIoLocia 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Cérdoba, Argentina. Meetings held monthly. 

ATENEO DE RaDIOLoGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

O CoLécio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Walter Bomfins Pontes. Seat: 
Rua Major Quedinho, 99-2°. Andar, Sao Paulo, Brazil. 

SociEDAD ARGENTINA DE Rapio.Locfa, Junta CENTRAL, 
Buenos AIRES 
Secretary, Dr. Edgardo O. Olcese, Santa Fé 1171, Buenos 
Aires. Meetings are held monthly. 

SociEDAD BoLivANa DE 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SoclEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SocIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 Sao Paulo, Brazil. Meets monthly on 
second Wednesday at g:00 p.m. in Sao Paulo at Av 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RADIOLOGIA 
Secretary, Dr. Juan Sabbagh Dacla, Merced 565, Santi 
ago, Chile. Meets fourth Friday of each month. 

CoLOMBIANA DE RaDIOLOGIA 
Secretary, Dr. Alberto Mejia Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogota, Colombia. 
Meets last Thursday of each month. 

SoctepAD EcuatorIANA DE RaproLocfa 
Secretary, Dr. Publio Vargas P., Casilla 1242, Guayaquil, 
Ecuador. 

SocrEDAD PaRAGUAYA DE RapDIoLocfa 
Secretary, Dr. Miguel Gonzalez Addone, 15 de Agosto 
322, Asuncién, Paraguay. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Perd. Meets monthly except during January, February 
and March, at Asociaci6n Médica Peruana ‘Daniel A. 
Carrion,” Villalta 218, Lima. 

SoclEDAD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 
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SoclIEDAD DE CanceroLocfa y_ Ffsica 
Mepica Urucuay 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SocIEDADE DE KADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recite, 
Caixa Postal 505, Pernambuco, Brazil. 

SoclEDAD VENEZOLANA DE RADIOLOGIA 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 


Europe 


OsTERREICHISCHE IGEN (JS ESELLSCHA Fl 
President, Dr. Konrad Weiss, Martannengasse 10, Vienna 
g, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

Societe BELGE DE RaADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-—Louvain, Belgium. Meets in February, 
March, May, June, October, November and December. 

SociETE FRANCAISE D’ELECTRORADIOLOGIE MEDICALE, 
and its branches: Du Sup-OuEst, pu LirrorRAL 
MEDITERRANEEN, DU CENTRE ET DU LYONNAIS, DU 
NorbD, DE L’Ouest, DE t’Est, ET D’ALGER ET D’AFRIQUE 
pu Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris. 
Secretary-General, Dr. Ch. Proux, 9, rue Daru, Paris 8°, 

_ France. 

CESKOSLOVENSKA SPOLECNOST PRO ROENTGENOLOGII A Ra- 
DIOLOGII 
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Secretary, Dr. Robert Poch, Praha 12, Srobarova ‘0, 
Czechoslovakia. Meets monthly except during July, 
August, and Seprember. Annual general meeting. 
DeurscHeE RONIGENGESELLSCHAFI 
Secretary, Professor Dr. med. H. Lossen, Universitits 
Rontgeninstitut. Lagenbeckstr. 1, Mainz, Germany. 
Annual meeting: May 11-14, 196 
SocierA Raptotocia Mepica £ pi MeEpIcINA 
NuCLEARE 
Secretary, Dr. Ettore Conte, Ospedile Mauriziano, Torino, 
Italy. Meets annually. 
NEDERLANDSE VERENIGING VOOR ELECTROLOGIE EN ROnT- 
GENOLOGIE 
Secretary, Dr. J. R. von Ronnen, Violenweg 14, den Haag, 
Netherlands. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 
SocrEDAD EspaNoL_a DE Rapto.ocia y 
MeEpicas y Mepicina NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 
ScCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociErE SuIssE DE RADIOLOGIE E1 
pE MEpectne NuCLEAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


INDIA 


INDIAN RavDIOLOGICAL ASSOCIATION 
Seeretary, Dr. RK. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 


The next list of Meetings of Radiological Societies will be published in the March issue of the JourNAL. 
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THE AMERICAN RADIUM SOCIETY 
TENTATIVE PROGRAM 
The following is the tentative program arranged by the Program Committee for the 
Forty-second Annual Meeting of the American Radium Society to be held at the Caribe 
Hilton Hotel, San Juan, Puerto Rico, Wednesday through Saturday, March 16, 17, 18, 


and 19, 1960. 


Wednesday, March 16, 1960 


2:00-5:00 P.M. 
Registration. 


Thursday, March 17, 1960 


8:30 A.M. 
First Executive Session. 
g:00 A.M. Onward. 
Registration. 
9:00 A.M. 
Opening of the Forty-second Annual Meet- 
ing and Presidential Address. 
9:45 A.M. 

First Scientific Session. 
Chairman to be announced. 

Colloquium on Modifiers of Radiotherapeu- 
tic Response in Patients. Moderator, 
James J. Nickson, M.D., New York. 

12:45 P.M. 

Recess. 

1:00 P.M. 

Paper by Jens Nielsen, M.D., Director, 

Radium Center, Copenhagen, Denmark. 
1:30 P.M. 
Adjournment. 


Friday, March 18, 1960 


8:30 A.M. 
Second Executive Session 
9:00 A.M. 
Registration. 
9100 A.M. 
Second Scientific Session. 
Chairman to be announced. 
Radiation Treatment of Cancer of the 


Mouth, Pharynx and Larynx. A Record of 


Successful Results. Daniel Catlin, M.D., 
New York. 
Discussion. 
9:20 A.M. 

Regional Arterial Chemotherapy with Anti- 
dote Neutralization Combined with Roent- 
gen Therapy in the Treatment of Head and 
Neck Cancer: A Study Using Homotrans- 


plants as a Control. Sidney Rubenfeld, 
M.D., Robert D. Sullivan, M.D. (by invi- 
tation), and Gustave Kaplan, M.D. (by 
invitation), New York. 

Discussion. 

gi40 A.M. 

Radiotherapy of the Malignant Melanomas 
of the Eve. Manuel Lederman, M.D., Lon- 
don. 

Discussion. 

10:00 A.M. 
The Janeway Lecture. 
William S. MacComb, M.D. 
11:20 A.M. 
Recess. 
11240 A.M. 

The Relative Biological Effectiveness of 
Cobalt 60 vs. 250 kv. Photons as Deter- 
mined in the Hela Cell. John R. McLaren, 
M.D. (by invitation), Atlanta. 

Discussion. 

12:00 M. 

Clinical Use of a Short Source-Skin Distance 
Cesium-137 Unit. Gilbert H. Fletcher, 
M.D., Gordon C. Johnson, M.D. (by invi- 
tation), Warren K. Sinclair, Ph.D. (by in- 
vitation), and Arthur Cole, Ph.D. (by in- 
vitation), Houston. 

Discussion. 

12:20 P.M. 

In-Vivo Miniature Glass Dosimetry. Bernard 
Roswit, M.D. (by invitation), and Stanley 
J. Malsky, M.A., M.Sc. (by invitation), 
New York. 

Discussion. 

12:40 P.M. 

Hypnosis and Its Use in Controlling Patients 
with Malignancy. Oscar L. Morphis, M.D., 
Fort Worth. 

Discussion. 

1200 P.M. 

Paper by Carl-Axel Hamberger, M.D. (by 
invitation), Director of Head and Neck 
Clinic, Sahlgrenska Hospital, Gothenburg, 
Sweden. 
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1:30 P.M. 
Adjournment. 


Saturday, March 19, 1960 


8:30 A.M. 
Third Executive Session. 
gi00 A.M. 

Third Scientific Session. 

Chairman to be announced. 

The Use of Calcium 47 in Diagnostic Studies 
of Patients with Bone Lesions. K. Corey, 
M.S. (by invitation), P. Kenny, M.S. (by 
invitation), EK. Greenberg, M.D. (by invita- 
tion), A. Pazianos, M.D. (by invitation), 
O. H. Pearson, M.D. (by invitation), and 
J.S. Laughlin, Ph.D. (by invitation), New 
York. 

Discussion. 

9.20 A.M. 

Skin and Subcutaneous Reactions Induced 
by Supervoltage Irradiation. Leonard M. 
Liegner, M.D., New York. 

Discussion. 

g:40 A.M. 

A Clinical Evaluation of Survival Statistics 
in Carcinoma of the Cervix from § to 10 
Years after Radiation Therapy. David G. 
Decker, M.D. (by invitation) and Martin 
Van Herik, M.D., Rochester, Minn. 

Discussion. 

10:00 A.M. 

Demonstration of Lymph Node Metastases 
by Pelvic Venography. Erik Carlsson, 
M.D. (by invitation), Sumner Holtz, 
M.D. (by invitation), and Alfred I. Sher- 
man, M.D., St. Louis. 

Discussion. 

10:20 A.M. 

The Incidence of Pelvic Malignancies fol- 
lowing Irradiation for Benign Gynecologic 
Conditions. P. Rubin, M.D. (by invita- 
tion), and A. Ryplansky, M.D. (by invi- 
tation), Rochester, N. Y. 

Discussion. 

10:40 A.M. 

A Study of the Treatment of Cervical Can- 
cer and Radioresistance. Alfred I. Sher- 
man, M.D., St. Louis. 

Discussion 

11:00 A.M. 

Leukemia Induced by Radiation; A Study of 
Survivors of Radium Treated Cancer of 
the Cervix. Norman Simon, M.D., Mar- 
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shall Brucer, M.D. (by invitation), and 
Raymond Hayes, Ph.D. (by invitation), 
Oak Ridge. 
Discussion. 
11:20 A.M. 
Recess. 
[1240 A.M. 

Lymphosarcoma: The Effects of Therapy 
and Survival in 1,269 Patients in a Review 
of Thirty Years’ Experience. Henry D. 
Diamond, M.D., Saul A. Rosenberg, M.D. 
(by invitation), and Lloyd F. Craver, 
M.D., New York. 

Discussion. 

12:00 M. 

Lymphosarcoma in Children. W. Harold 

Dargeon, M.D., New York. 
12.20 P.M. 

Paper by Sven Hultberg, M.D. (by invita- 
tion), Director, Radiumhemmet, Stock- 
holm, Sweden. 

1:00 P.M. 

Closing Ceremonies and Introduction of New 

Officers. 
1330 P.M. 
Adjournment. 


ANNUAL MIDWINTER RADIOLOGICAL 
CONFERENCE OF THE LOS ANGELES 
RADIOLOGICAL SOCIETY 

The Twelfth Annual Midwinter Radio- 
logical Conference, sponsored by the Los 
Angeles Radiological Society, will be held 
at the Statler Hotel, Los Angeles, Cali- 
fornia, on Saturday and Sunday, January 
30 and 31, 1960. 

An outstanding program of pertinent in- 
terest has been arranged and the guest 
speakers will be: Dr. John A. Evans, New 
York, New York; Professor Knut Lind- 
blom, Stockholm, Sweden; Dr. James J. 
Nickson, New York, New York; and Dr. 
E. Rohan Williams, London, England. 

Kor information please write to Victor G. 
Mikity, M.D., 2010 Wilshire Blvd., Los 
Angeles 57, California. 

UNIVERSITY OF KANSAS 
MEDICAL CENTER 

The annual postgraduate meeting in Ra- 

diology at the University of Kansas Med- 
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ical Center will be held February 8, 9, and 
10, 1960. There will be an excellent group 
of speakers. 

Kor correspondence relative to reserva- 
tions for the program, please write to G. M. 
Tice, M.D., University of Kansas Medical 
Center, Rainbow Boulevard at 39th Street, 
Kansas City 12, Kansas. 

RADIOLOGICAL SOCIETY ESTABLISHES 


MEMORIAL COLLECTION AT PITT 
HEALTH CENTER LIBRARY 


The Pennsylvania Radiological Society 
has established a memorial collection in ra- 


diology at the Falk library, University of 


Pittsburgh Schools of the Health Profes- 
sions building. The collection was initiated 
with a gift of books from Dr. Gerald D. 
Bliss, Altoona, Pennsylvania, first presi- 
dent of the Society. 

Through the efforts of Dr. Lewis E. Et- 
ter of Pittsburgh and others, the Society 
has pledged an annual contribution to per- 
mit the continued addition of new materials 
to the collection. 


DR. WILLIS F. MANGES MEMORIALIZED 


Dr. Willis F. Manges, a pioneer in and 
Professor of Radiology at Jefferson Med- 
ical College when he died in 1936, was me- 
morialized November 5, 1959 in the annual 
honor lecture of the Philadelphia Roentgen 
Ray Society at the College of Physicians. 
Dr. Philip J. Hodes, Professor of Radiology 
at Jefferson, gave the lecture. A feature of 
the ceremony was the unveiling of an oil 
portrait of Dr. Manges, painted by Mrs. 
Hodes. This portrait will hang permanent- 
ly in the Curtis Clinic at Jefferson Medical 
College. 

COURSE IN CLINICAL USE OF 
RADIOACTIVE ISOTOPES 

A course in the clinical use of radioactive 
isotopes will be given under the supervision 
of Dr. Sergei Feitelberg and Dr. Edith 
Quimby of the Department of Radiology, 
Columbia University, New York City, 
from June 6 through July 1, 1960. This is a 
full-time course which includes lectures, ex- 
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perimental laboratory exercises, clinical 
rounds and clinical measurements on pa- 
tients and on specimens. In addition to 
Drs. Feitelberg and Quimby, the teaching 
staff will comprise sixteen invited lecturers 
from the New York area, each presenting 
material in his own special field. 

Thirteen afternoons will be devoted to 
experiments on basic methods of radioiso- 
tope measurements, techniques used in 
clinical studies and experience with actual 
clinical procedures. 

Enrollment in the class is limited to 20; 
the fee is $300. 

Inquiries should be addressed to Dr. 
Sergei Feitelberg, Mt. Sinai Hospital, 
Fifth Avenue at rooth Street, New York, 
New York. 


COURSE IN MEDICAL USE OF 
RADIOACTIVE ISOTOPES 

A four months’ course in the Medical 
Uses of Radioactive Isotopes will be offered 
at the Queens Hospital Center by the Radi- 
ation Medicine Department. The course 
will commence on Tuesday, February 9, 
1960, and will consist of weekly five-hour 
sessions covering lectures, laboratory exer- 
cises, and clinical management of patients. 
Enrollment will be limited. The tuition is 
$275.00. 

Those interested should apply to: Dr. 
Philip J. Kahan, Supervising Medical 
Superintendent, Queens Hospital Center, 
82-68 164th Street, Jamaica 32, New 
York. 

FIRST MEXICAN NATIONAL CONGRESS 
OF RADIOLOGY AND THIRD MEXICAN 
RADIOLOGIC EXPOSITION 

The First Mexican National Congress of 
Radiology and the Third Mexican Radio- 
logic Technical Exposition, organized by 
Sociedad Mexicana de Radiologia, will be 
held February 7 through 13, 1960 at 
Ciudad Universitaria de México. A very 
interesting program has been arranged in- 
cluding a joint session with the American 
College of Radiology on Tuesday, February 
9, 1960. 
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For further information and registration 
please communicate with Julio Lopez 
Cendejas, M.D., Calle de Coahuila Num. 
35, México 6, D. F. 


AMERICAN COLLEGE OF RADIOLOGY 


The program of the Annual Meeting of 
the American College of Radiology which 
will be held at the Roosevelt Hotel in New 
Orleans, Louisiana, February 3-6, 1960 has 
been completed. 

Following the New Orleans meeting, the 
College has organized a post-convention 
trip to Mexico City. The tour will begin 
Sunday, February 7, with airplanes em- 
barking from New Orleans. 

The post-convention program will in- 
clude a one-day joint meeting, Tuesday, 
February 9, with Sociedad Mexicana de 
Radiologia in Mexico City. The officials of 
the Mexican Society have set this day of 
their National Congress aside for papers 
to be presented by the College members. 

Following this joint meeting, the tour 
will resume through Sunday, February 14 
and will include a number of attractive and 
interesting visits. 


NEW OFFICERS OF THE RADIOLOGICAL 
SOCIETY OF NORTH AMERICA 
At the Forty-fifth Annual Meeting of the 
Radiological Society of North America 
held at the Palmer House, Chicago, Illinois, 
November 15—20, 1959, the following offi- 
cers were elected: President, Theodore J. 
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Wachowski, Wheaton, Illinois; President- 
Elect, M. Milton Berg, Bismarck, North 
Dakota; First Vice President, Cesare 
Gianturco, Urbana, Illinois; Second Vice 
President, Ted Leigh, Atlanta, Georgia; 
Third Vice President, Juan A. del Regato, 
Colorado Springs, Colorado; New Member 
of Board of Directors, Robert D. Moreton, 
Fort Worth, Texas; Chairman, Board of 
Directors, Charles Gray, Tampa, Florida; 
Secretary-Treasurer, Donald S. Childs, 
Sr., Syracuse, New York; and Historian, 
Howard P. Doub, Detroit, Michigan. 

The Forty-sixth Annual Meeting of the 
Society will be held in Cincinnati. 

DR. FREDERICK W. O'BRIEN RECEIVES 
GOLD MEDAL OF RADIOLOGICAL 
SOCIETY OF NORTH AMERICA 

Dr. Frederick W. O’Brien, Boston, 
Massachusetts, received the Gold Medal 
of the Radiological Society of North 
America from Dr. Laurence L. Robbins, 
President of the Society. The presentation 
took place Thursday evening, November 
19, 1959, during the Society’s Forty-fifth 
Annual Meeting in Chicago. The medal is 
the Society’s highest honor. Dr. O’Brien is 
a graduate of Boston College and received 
his medical degree from Tufts University 
in 1911. He isa past president of the Radio- 
logical Society and an emeritus professor 
of radiology in the Medical School of Tufts 
University. In 1948, he was accorded by 
the Boston College the Honorary Degree 
of Doctor of Laws. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


THe or CANcER: By 32 Au- 
THORS. Second edition. Edited by Freddy 
Homburger, M.D. Foreword by Joseph C. 
Aub, M.D., Sc.D. Cloth. Price, $33.00. Pp. 
1180, with 189 illustrations. Paul B. Hoeber, 
Inc., 49 East 33rd Street, New York 16, 
N. Y., 1959. 

The first edition of this book was prepared in 
an effort to bring together in one large volume 
all of the existing knowledge in the active fields 
of cancer research. It was divided into four sec- 
tions: Biology, Chemistry and Physics, Clinical 
Investigation, and Practical Applications. The 
second edition has been revised and enlarged 
and contains entirely new chapters covering the 
histopathology of experimental tumors of the 
liver of the rat, genetics of neoplasia, heterolo- 
gous transplantation, physiopathology of leu- 
kemia, uses of cancer cytochemistry and histo- 
chemistry, and the natural history of neoplastic 
disease. 

The student or research worker who wishes to 
familiarize himself with the vast field of cancer 
research will find the book a gold mine of infor- 
mation. It contains thousands of references to 
the literature with the important findings con- 
densed to readable dimensions. The last nine 
chapters will interest both the clinician and the 
radiotherapist, as indicated by their titles: 
Natural History of Neoplastic Disease, Steroid 
Hormone Metabolism in Cancer, Clinical In- 
vestigation in Cancer Research, Environmen- 
tal Cancer, Smoking and Lung Cancer, Statis- 
tical Studies in Cancer, Clinical Cancer Chemo- 
therapy, Applied Exfoliative Cytology, and Ap- 
plied Radiation Therapy. 

Your reviewer, whose experience is almost en- 
tirely clinical, feels that the colossal amount of 
research done thus far has produced surpris- 
ingly little of practical value and that, possibly, 
a new approach is indicated. 

L. Martin, M.D. 


THERAPEUTIC RaproLtoGy: RaTIonaLe, TEcH- 
NIQUE, ReEsutts. By William T. Moss, M.D., 
Assistant Professor of Radiology, North- 
western University School of Medicine, De- 
partment of Radiology, Chicago, Illinois; Di- 


rector, Department of Therapeutic Radiol- 
ogy, Chicago Wesley Memorial Hospital; 
Chief, Department of Therapeutic Radiol- 
ogy, Veterans Administration Research Hos- 
pital, Chicago, Illinois. With a Foreword by 
Lauren V. Ackerman, M.D. Cloth. Price, 
$12.50. Pp. 403, with 146 illustrations. C. V. 
Mosby Company, 3207 Washington Boule- 
vard, St. Louis 3, Mo., 1959. 


The indications for and objectives of radia- 
tion therapy, the basic details of its application 
and a summary of its accomplishments are pre- 
sented in this book for each of nineteen anatom- 
ic sites or systems. The discussion contains fac- 
tual, easily understood information helpful to 
resident physicians and also reflects a rich back 
ground of clinical experience which can be ap- 
preciated by the established radiotherapist or 
other physician who has been responsible for 
treating patients with malignant disease. 

Each chapter is introduced with a discussion 
of the response to irradiation of the normal tis- 
sues in a specific region. This unique feature is 
an excellent concise summary and serves as a 
useful background to the subsequent presenta- 
tion of the most commonly encountered neo- 
plasms. Radiobiologic concepts, historic ob- 
servations, practical clinical guides and _prin- 
ciples of treatment are succinctly covered and 
well documented. Desirable dosage ranges are 
mentioned, but a “cookbook” description of 
technique is wisely avoided. The published re- 
sults of radiation therapy are usually shown in 
simple tabular form so that the author, the 
number of cases reported and the end results 
are clearly apparent. 

To help give “‘practical answers to the prob- 
lems of patient care,” the relative roles of sur- 
gery and radiotherapy are discussed and con- 
troversial issues are fairly presented so that 
comparisons and critical appraisals can be 
made. 

Howarp B. Larourerre, M.D. 


BOOKS RECEIVED 
RapioactivE Fattour—A Two-Year SuMMARY 
Report. By Charles L. Dunham, M.D., Director, 
Division of Biology and Medicine, United States 
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Atomic Energy Commission. Paper. Price, $1.25. and Dr. Paul Mainguet, Briissel, Médecin Rési- 
Pp. 110. Office of Technical Services, Department dent étranger des H6pitaux de Paris. Cloth. Price, 
of Commerce, Washington 25, D. C., 1959. $17.75. Pp. 264, with 260 illustrations. Georg 
Artas oF Tumor Secrion VII Thieme Verlag, Herdweg 63, Stuttgart, Germany, 
FASCICLES 27 AND 28. Tumors OF THE PANCREAS. 1959. In the U.S.A. and Canada, Intercontinental 
By Virginia Kneeland Frantz, M.D., Professor of Medical Book Corporation, New York 16, N. Y. 
Surgery, College of Physicians & Surgeons, Co. Kuinik unp Praxis per Urotosie; Kuinik, 
2 lumbia University; Attending Surgical Patholo- KATION, DIAGNOSTIK, OPERATIVE UND INSTRU- 
; gist, Presbyterian Hospital, New York, New York. MENTELLE EINGRIFFE, NACHBEHANDLUNG, Vol- 
- Paper. Price, $1.50. Pp. 149, with 94 illustrations. ume I. By Prof. Dr. Werner Staehler, Leiter der 
, Armed Forces Institute of Pathology, under the urologischen Abteilung der chirurgischen Uni- 
auspices of the Subcommittee on Oncology of the versitatsklinik Tiibingen. Cloth. Price, $57.15. 
: Committee on Pathology of the Division of Medi- Pp. 892, with 1034 illustrations. Georg Thieme 


cal Sciences of the National Academy of Sciences 
National Research Council, Washington, D. C., 
1959. Kor sale by the American Registry of Pa- 


Verlag, Herdweg 63, Stuttgart, Germany, 1959. 
In the U.S.A. and Canada, Intercontinental Medi- 
cal Book Corporation, New York 16, N. Y. 


thology, Armed Forces Institute of Pathology, Die BrweGunGsBestRaHLuNG. By Prof. Dr. F. 
' Washington 25, D. C. Wachsmann, Apl. Professor ftir medizinische 
, Acta Rapto.ocica SuppLEMENTUM 177. THE Physik, Universitat Erlangen; and Prof. Dr. Dr. G. 
RoenTGENOGRAPHIC Stir Meruops; A SurvEY Barth, Apl. Professor fir Strahlenheilkunde und 
AND ANALysis OF ProcEDURES BASED ON THE physikalische Therapie, Universitat Erlangen. 
Usk or A Narrow Bunp_e or RoentGeN Rays Cloth. Price, $10.95. Pp. 200, with 150 illustra- 
(ScanoGrapuHy). By Pekka Vuorinen. Paper. Price, tions. Georg Thieme Verlag, Herdweg 63, Stutt- 


Sw.Kr. 25:—. Pp. 88, with 42 illustrations. Acta gart, Germany, 1959. In the U.S.A. and Canada, 
Radiologica, Box 2052, Stockholm 2, Sweden, Intercontinental Medical Book Corporation, New 
199. York 16, N. Y. 

Acta Rapio.ocica SuppLEMENTUM 178. DAS pss Onnes (Tun Tomo. 
ax GRAM OF THE Ear). By Prof. Dr. Karl Miindnich, 


Miinchen; and Dr. Kurt-Walter Frey, Munchen. 
Cloth. Price, $15.70. Pp. 123, with 205 illustra- 
tions. Georg Thieme Verlag, Herdweg 63, Stutt- 
gart, Germany, 1959. In the U.S.A. and Canada, 
Intercontinental Medical Book Corporation, New 
York 16, N. Y. 

Dit PHLEBOGRAPHIE DER UNTEREN EXTREmITat. 
By Dr. Robert May, Innsbruck; and Dr. Rai- 
mund Nissl, Innsbruck. Cloth. Price, $17.85. Pp. 
197, with 250 illustrations. Georg Thieme Verlag, 
Herdweg 63, Stuttgart, Germany, 1959. In the 
U.S.A. and Canada, Intercontinental Medical 
Book Corporation, New York 16, N. Y. 

Dit WIRBELSAULENLEIDEN UND IHRE [DIFFEREN- 
TIALDIAGNOSE. By Prof. Dr. J. E. W. Brocher, 
Genf. Cloth. Price, $30.50. Pp. 457, with 287 
illustrations. Georg Thieme Verlag, Herdweg 63, 
Stuttgart, Germany, 1959. In the U.S.A. and 
Canada, Intercontinental Medical Book Corpora- 
tion, New York 16, N. Y. 

KLINIK UND PRAxiIs DER UROLOGIE; KLINIK, INDI- 
KATION, DiIAGNOsTIK, OpERATIVE UND INsTRU- 
MENTELLE EINGRIFFE, NACHBEHANDLUNG. Vol- 
ume II. By Prof. Dr. Werner Staehler, Leiter der 
urologischen Abteilung der chirurgischen Uni- 

versitatsklinik Tiibingen. Cloth. Price, $57.15. 

Paris, Membre de |’Académie nationale de Méde- Pp. 863, with 641 illustrations. Georg Thieme 

cine; Membre de |’Académie de Chirurgie; Radiol- Verlag, Herdweg 63, Stuttgart, Germany, 1959. 

ogiste de |’Hdpital Saint-Antoine et de |’Hdpital 


In the U.S.A. and Canada, Intercontinental 
Americain; Dr. Hans-Ulrich Stissel, Bern, Ancien Medical Book Corporation, New York 16, N. Y. 
assistant étranger de I’Hopital Saint-Antoine;  SrraHLENBELASTUNG UND STRAHLENSCHUTZ IN DER 


Medizinische Poliklinik der Universitat Ziirich; 


sorPTION. By Gengt H. O. Rosengren. Paper. 
Price, Sw.Kr. 25:—. Pp. 62, with 24 illustrations. 
Acta Radiologica, Box 2052, Stockholm 2, 
Sweden, 1959. 

Acta RADIOLOGICA SUPPLEMENTUM 179. KILOCURIE 
Copatr 60 THERAPY AT THE RADIUMHEMMET; 
EQuipMENT, TECHNIQUE AND Dose MEAsurRE- 
MENTS. By S. Hultberg, O. Dahl, R. Thoraeus, 
K. J. Vikterléf, and R. Walstam. Paper. Price, 
Sw.Kr. 35:—. Pp. 286, with 63 illustrations, 13 
tables and 135 charts. Acta Radiologica, Box 
2052, Stockholm 2, Sweden, 1959. 

Acta SuppLEMENTUM 180. Moror 
Activity OF THE Sromacu. By Bengt Lilja. Paper. 
Price, Sw. Kr. 25:—. Pp. 94, with 32 illustrations. 
Acta Radiologica, Box 2052, Stockholm 2, 
Sweden, 1959. 

STRAHLENBIOLOGIE; GRUNDLAGEN UND ERGEBNISSE. 
By Prof. Dr. H. Fritz-Niggli, Zurich. Cloth. Price, 
$15.50. Pp. 379, with 168 illustrations. Georg 
Thieme Verlag, Herdweg 63, Stuttgart, Germany, 
1959. In the U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York 16, N. Y. 

KLINISCHE RADIOLOGIE DES MAGENS UND DES 
ZWOLFFINGERDARMS. By Dr. Pierre Porcher, 


PADIATRISCHEN RONTGENDIAGNOSTIK. By Priv.- 
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Doz. Dr. Kurt Hartung, Mainz. Paper. Price, 
$4.45. Pp. 128, with 26 illustrations. Georg 
Thieme Verlag, Herdweg 63, Stuttgart, Germany, 
1959. In the U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York 16, N. Y. 
DAs DIAGNOSTISCHE PNEUMOPERITONEUM. By Prof. 
Dr. Med. A. Gebauer, Frankfurt am Main. Paper. 
Price, $4.30. Pp. 69, with 78 illustrations. Georg 
Thieme Verlag, Herdweg 63, Stuttgart, Germany, 
1959. In the U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York 16, N. Y. 
THe Meprastinum. By Ted F. Leigh, M.D., Pro- 
fessor of Radiology, Emory University School of 
Medicine; Director of the Department of Radiol- 
ogy, Emory University Hospital; Member of the 
Section of Radiology, Emory University Clinic, 
Atlanta, Georgia; and H. Stephen Weens, M.D., 
Professor of Radiology and Chairman of the De- 
partment of Radiology, Emory University School 
of Medicine; Director of the Department of 
Radiology, Grady Memorial Hospital; Chief of 
the Section of Radiology, Emory University 
Clinic, Atlanta, Georgia. Cloth. Price, $11.50. 
Pp. 246, with 290 illustrations. Charles C Thomas, 
Publisher, 301-327. East Lawrence Avenue, 
Springfield, Ill., 1959. 

A Strupy Procram. Edited 
by J. L. Oncley, Editor-in-Chief; F. O. Schmitt; 
R. C. Williams; M. D. Rosenberg; and R. H. Bolt 
for the Biophysics and Biophysical Chemistry 
Study Section of the National Institutes of 
Health, Public Health Service, United States De- 
partment of Health, Education, and Welfare. 
Cloth. Price, $6.50. Pp. 609, with numerous illus- 
trations. John Wiley & Sons, Inc., 440 Fourth 
Avenue, New York 16, N. Y., 1959. 

A Text-Book or X-Ray Dtacnosis sy BririsH 
Avutuors IN Four Votumes. Volume IV. Third 
edition. Edited by S. Cochrane Shanks, C.B.E., 
M.D., F.R.C.P., F.F.R., Director, X-Ray Diag- 
nostic Department, University College Hospital, 
London; and Peter Kerley, C.V.O., C.B.E., M.D., 
F.R.C.P., F.F.R., D.M.R.E., Director, X-Ray 
Department, Westminster Hospital; Radiologist, 
National Heart Hospital, London. Cloth. Pp. 714, 
with 735 illustrations. W. B. Saunders Company, 
218 West Washington Square, Philadelphia, Pa., 
1959. 

Diacnostic Rapiorsorores. By Charles A. Owen, 
Jr., M.D., Ph.D. (Med.), Section of Clinical 
Pathology, Mayo Clinic; Associate Professor of 
Clinical Pathology, Mayo Foundation Graduate 
School, University of Minnesota, Rochester, Min- 
nesota. Cloth. Price, $15.75. Pp. 425, with 71 
illustrations and 49 tables. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, IIl., 1959. 


ATLAS OF ROENTGENOGRAPHIC Positions. Volume I 
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La STRATIGRAFIA DEI Broncut. By L. 
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and Volume II. Second edition. By Vinita Merrill, 
Cloth. Price, $32.50. Pp. 300, with numerous 
illustrations. C. V. Mosby Company, 3207 Wash- 
ington Boulevard, St. Louis 3, Mo., 1959. 


Biopsy Manuva. By James D. Hardy, M.D., Pro- 


fessor and Chairman of the Department of Sur- 
gery, University of Mississippi School of Medi- 
cine; James C. Griffin, Jr., M.D., Assistant In- 
structor in Surgery, Administrative Chief Resi- 
dent in Surgery, National Cancer Institute 
Trainee, University of Mississippi School of 
Medicine; and Jorge A. Rodriguez, M.D., Assist- 
ant Professor of Surgical Anatomy, Department of 
Surgery, University of Mississippi School of Medi- 
cine. Cloth. Pp. 150, with 54 illustrations. W. B. 
Saunders Company, 218 West Washington Square, 
Philadelphia, Pa., 1959. 


DisoRDERS OF THE TEMPOROMANDIBULAR JOINT; 


DiaGnosis, MANAGEMENT, RELATION TO OccLu- 
sion OF TEETH. By Laszlo Schwartz, D.D.S., 
Clinical Professor of Dentistry, Columbia Uni 
versity; Director, Temporomandibular Joint 
Clinic, Columbia-Presbyterian Medical Center; 
and eighteen contributors. Cloth. Pp. 471, with 
458 illustrations on 168 figures. W. B. Saunders 
Company, 218 West Washington Square, Phila- 
delphia, Pa., 1959. 


ANALYTICAL CyroLtoGy; MeEtTHops FoR STUDYING 


CELLULAR Form Function. Second edition. 
Edited by Robert C. Mellors, M.D., Ph.D., 
Pathologist, Director of Laboratories, and Associ- 
ate Director of Research, Hospital for Special 
Surgery, Philip D. Wilson Research Foundation, 
an Affliate of the New York Hospital—Cornell 
Medical Center, New York; Formerly at the 
Sloan-Kettering Institute for Cancer Research and 
the Memorial Center for Cancer and Allied Dis- 
eases. Cloth. Pp. 534, with numerous illustra- 
tions. The Blakiston Division, McGraw-Hill 
Book Company, Inc., 575 Madison Avenue, New 
York 22, N. Y., 1959. 

Oliva; R 
Vignolini; and G. L. Besio. Paper. Price, L. 4,000. 
Pp. 242, with 61 illustrations. Edizioni Minerva 
Medica, Torino, Italy, 1959. 


SEcHzIG JAHRE MEDIZINISCHE RADIOLOGIE; Pro- 
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ROENTGEN DIAGNOSIS 
HEAD 


BENNETT, JoHN C., Marriy, Roy H., and 
STEINBACH, Howarp L. The significance of 
bilateral basal ganglia calcification. Radio/- 
ogy, March, 1959, 72, 368-378. (Address: 
J. C. Bennett, Department of Radiology, St. 
Mary’s Hospital, San Francisco 17, Cali- 
fornia.) 

The basal ganglia are masses of gray matter lying 
in the base of each cerebral hemisphere. They are 
major centers of the extrapyramidal nervous system. 
They include three major structures (the caudate 
nucleus, the putamen, and the globus pallidus) and 
two minor centers (the amygdala and the claus- 
trum). 

Small calcium deposits in the basal ganglia, not 
demonstrable roentgenographically, are evident his- 
tologically in about two-thirds of routine post- 
mortem brain examinations. Demonstrable basal 
ganglia calcification appears on the roentgenogram 
as irregular punctate densities located at a distance 
of 3 to § cm. above the sella turcica in the lateral 
projection of the skull, and 2 to 4 cm. lateral to the 
midline in the frontal and occipital projections. 
These calcifications are almost invariably bilateral, 
and are usually symmetric. 

Including the 10 cases reported by the authors, 88 
cases of bilateral basal ganglia calcification have ap- 
peared in the medical literature. These 88 cases are 
subjected to a detailed analysis. The diagnosis of 
a disease of abnormal calcium-phosphorus metabo- 
lism was established in 58, or 66 per cent. Forty-two 
patients (48 per cent) had idiopathic hypopara- 
thyroidism; 14 (16 per cent) had pseudohypopara- 
thyroidism; and 2 were post-thyroidectomy patients 
with surgical hypoparathyroidism. Of the remaining 
30, § had proved toxoplasmosis and there were 6 cases 
of idiopathic familial basal ganglia calcification. 
Miscellaneous diseases with normal calcium-phos- 
phorus metabolism were accompanied by calcifica- 
tion in 10 cases, while in 8 a definite diagnosis was 
not established. At least 4 patients of the 88 were 
clinically well. 

Approximately half of the patients with either 
idiopathic hypoparathyroidism or pseudohypopara- 
thyroidism have basal ganglia calcification. Mental 
deterioration, convulsions, and cataracts seem to be 
more frequent and more severe as the duration of 
the uncorrected hypocalcemia and hyperphospha- 
temia increases. An understanding of the significance 
of basal ganglia calcification may lead to early diag- 
nosis and treatment. Statistics suggest, however, 
that by the time the calcification is visible these late 
features of parathyroid disease are also likely to be 
present.— Arno W. Sommer, M.D. 
Davies, HuaGu. 


Patusinskas, A. J., and 
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Familial basal ganglia calcification; case diag- 
nosed by displacement of calcification in the 
basal ganglia. Radiology, March, 1959, 72, 
426-429. (Address: A. J. Palubinskas, Ly- 
sholm Radiological Department, The Na- 
tional Hospital, Queen Square, London W.C. 
1, England.) 


Bilateral symmetric calcification in the basal 
ganglia of the brain is usually associated with hypo- 
parathyroidism but has also been discovered in 
several members of the same family who show no 
evidence of parathyroid hypofunction. The authors 
present such a case in which the basal ganglia calci- 
fication was discovered in a fifty-five year old white 
male suffering from intracranial metastases of carci- 
noma of the lung. Routine blood calcium and phos- 
phorus determinations were all within normal limits 
and there were no symptoms suggestive of hypopara- 
thyroidism. Skull roentgenograms of the patient’s 
only child, a daughter, were obtained and these also 
revealed bilateral symmetric calcification of the 
basal ganglia. The daughter completely 
asymptomatic; blood calcium and phosphorus stud- 
ies could not be obtained. 


was 


The authors believe that familial asymptomatic 
cases of this type will be found on careful study to 
have a latent parathyroid hypofunction, and that 
some of these patients, even with no parathyroid 
dysfunction, will show neurologic and /or intellectual 
impairment with advancing age.— 8S. Alexander, 
M.D. 


ScHLUNGBAUM, W. Zur Réntgendiagnostik des 
Akustikusneurinoms. (The roentgen diag- 
nosis of acoustic neurinomas.) Radio/. c/in., 
May, 1959, 28, 139-149. (From: Strahlen- 
institut der Freien Universitat Berlin am 
Stadtischen Krankenhaus Westend, Berlin, 
Germany.) 


About 6 per cent of all intracranial lesions are 
acoustic neurinomas and about 70 per cent of tumors 
in the cerebellopontine angle are also acoustic 
neurinomas. Since the prognosis is good with early 
operative intervention, it is important for the neuro- 
surgeon to have roentgenographic confirmation. The 
most essential view is Stenver’s projection to which 
are routinely added Towne’s projection and a lateral 
view of the skull for observation of the sella turcica. 

The “direct signs” of acoustic neurinoma include 
definite enlargement of the porus acusticus and in- 
ternal auditory meatus associated with minimal 
erosion of the inner portion of the petrous pyramid; 
extensive erosion of the petrous bone without any 
changes in the porus or meatus; and erosion of the 
inferomedial portion of the petrous bone. The “‘in- 
direct signs” are atrophy of the dorsum sellae; de- 
mineralization of the ipsilateral posterior clinoid 
process; and increased radiolucency of the contra- 
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lateral petrous tip. Considerable reliance must be 
placed on the clinical picture, which is often quite 
characteristic, since there is a great normal variation 
in the size of the porus and meatus and in the density 
of the petrous bone, especially the petrous tip. As a 
cautious reminder, the author emphasizes the natural 
asymmetry of the 2 sides. A false diagnosis of bi- 
lateral acoustic neurinomas is sometimes made in the 
presence of a well-defined tumor on one side with 
secondary changes, resulting from increased intra- 
cranial pressure, in the contralateral petrous tip. 
Positive roentgenographic findings were obtained in 


80 per cent of the 66 cases examined. Destruction of 


the petrous tip was observed more often than widen- 
ing of the internal auditory meatus or porus acusti- 
cus.— Zausner, M.D. 


Tucker, Roperr L., Hotman, Corin B., 
MacCarty, S., and Dockerry, 
Matcoim B. The roentgenologic manifesta- 
tions of meningiomas in the region of the 
tuberculum sellae. Radiology, March, 1959, 
72, 348-355. (Address: R. L. Tucker, Mayo 
Clinic, Rochester, Minn.) 


The present study, which includes 51 
meningioma of the tuberculum sellae operated on at 
the Mayo Clinic in a ten and one-half year period, 
was undertaken to re-evaluate abnormal appearances 
in standard head roentgenograms and to appraise 
the angiographic and pneumographic abnormalities 
encountered. A study of the size of the tumors, based 
on the recorded observations of the surgeons and 
pathologists, showed 34 tumors weighing 25 gm. or 
less, with a diameter not exceeding 2.5 cm., and 17 
measuring up to 6 cm. in diameter and weighing as 
much as 60 gm. 

In the standard roentgenograms of the head, evi- 
dence of osteomatous change was the most common 
finding and was also the most significant roentgen 
abnormality. The osteomas involved the planum 
sphenoidale more often than the tuberculum sellae. 
Osteomas involving the anterior clinoid processes 
were associated with similar changes at the tubercu- 
lum sellae and planum sphenoidale in some but not 
all instances. Osteomas projecting within. the 
sphenoid sinus were seen in 4 cases. The fibrous 
meningioma was the only histologic type that never 
produced osteomatous change. Posterior displace- 
ment of pineal calcification was noted in 2 cases of 
large, atypical meningiomas. Decalcification of the 
anterior and posterior clinoid processes, and of the 
tuberculum or the floor of the sella, or both, was 
frequently found. Minimal changes appeared as a 
loss of the fine dense line representing the cortex of 
the bone. Decalcificatoin with blunting or thinning 


and decalcification of the posterior clinoid processes 
was seen in 22, 14 of which showed an abnormally 
shortened and flattened dorsum sellae. The dorsum 
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sellae frequently appeared abnormally shortened, 
but in the absence of decalcification of the posterior 
clinoid processes, it is difficult to be certain that a 
short dorsum sellae does not represent an anatomic 
variation. Minimal, irregular, ill-defined changes in 
the cortex of the tuberculum sellae and the planum 
sphenoidale were observed with small bony excres- 
ences protruding 1 to 2 mm. above the level of the 
normal cortical margin. The appearance suggested a 
probably early stage in the development of osteo- 
matous changes and assessment of its significance 
was difficult unless other corroborative roentgen ab- 
normalities were present. Calcification within the 
tumor was noted in 4 cases, all of which showed 
marked osteomatous changes on the planum sphenoi- 
dale and the tuberculum sellae, a finding which 
helps to differentiate meningiomas from other supra- 
sellar tumors, such as craniopharyngiomas which 
often calcify but are not ordinarily accompanied by 
osteomas. These tumors were all psammomatous in 
type. 

Angiography, which was done in 17 cases, showed 
that the horizontal components of both anterior 
cerebral arteries and the anterior communicating 
artery usually were elevated and displaced poste- 
riorly by the tumor beneath them, forming an 
arterial arch. The terminal portion of the internal 
carotid artery was often displaced laterally, and its 
supraclinoid portion was straightened and appeared 
to be erect. In 3 angiograms the terminal portion of 
the siphon was displaced posteriorly and compressed 
downward. More than half of the angiograms 
showed irregularity of the size of the lumen of the 
internal carotid or the anterior cerebral arteries, or 
both, presumably due to compression of the arteries 
by the meningiomas which often surround these 
arteries. The typical meningiomas of the tuberculum 
sellae seldom caused significant abnormalities of the 
deep cerebral veins; however, the large meningiomas 
caused marked changes, displacing the internal 
cerebral veins posteriorly and superiorly as well as 
elevating the basal vein of Rosenthal. Abnormal 
arteries supplying the meningiomas were demon- 
strated in 4 cerebral angiograms, where their pres- 
ence was one of the most important signs noted. 
Cerebral pneumograms were done in only 3 cases 
and did not demonstrate the changes usually thought 
to accompany the ordinary meningioma of the 
tuberculum sellae because the three tumors studied 
were unusually large. 

The present study tends to confirm the observa- 
tions of Di Chiro and Lindgren that most suprasellar 
meningiomas are attached to osetomas that involve 
the planum sphenoidale rather than the tuberculum 
sellae, and are not truly meningiomas of the tuber- 


culum sellae.—Walter H. ‘Farvis, ‘Fr., M.D. 


Jacospson, Harotp G., Lupersky, HERMAN 
W., SHapiro, Jerome H., and Carron, 
Cuartes A. Intracranial meningiomas: a 


of the anterior clinoid processes was seen in 8 cases 
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roentgen study of 126 Radiology, 
March, 1959, 72; 350-307. (Address: H. G. 
Jacobson, Montefiore Hospital, 210th St. 
and Bainbridge Ave., New York 67, N. Y.) 


cases. 


A roentgen study of 126 cases with intracranial 
meningiomas is presented. All patients were seen at 
Montefiore Hospital (New York) in the past thirteen 
years. Conventional roentgenography, air studies 
and cerebral angiography were employed but the 
importance of plain roentgenographic evaluation is 
emphasized. A rapid biplane film changer using 
1414 inch film was used for cerebral angiography. 

An evaluation of plain roentgenograms showed 
one or more abnormal findings in 78 per cent of the 
cases. The most frequent findings were localized 
hyperostosis, atrophy of the dorsum sellae, localized 
increase in vascularity, psammomatous calcification, 
pineal shift, and localized bone resorption. In a num- 
ber of cases, multiple abnormalities were demon- 
strated. Actually, the findings on the plain roentgence- 
gram may be so specific that the neurosurgeon can 
perform a craniotomy in certain 
further study. 

Pneumoencephalography or ventriculography was 
performed in 46 of the 126 patients, revealing signifi- 
cant abnormal findings in 44. The abnormalities 
most commonly demonstrated were shift of the 
septum pellucidum and/or the ventricular system 
and localized deformity of segments of the latter. 
There are no characteristic findings in the air study 
which will lead to a definite diagnosis of meningioma 
except in those instances where a mass is found 
parasagittally. 


cases without 


Cerebral angiography is the initial diagnostic pro- 
cedure of choice except in cases of suspected posterior 
fossa lesions. Of the 126 cases, 43 were studied by 
cerebral angiography. There was definite shift of the 
anterior cerebral artery beyond the midline to the 
opposite side in 64 per cent of the cases and a signifi- 
cant shift of the middle cerebral artery and/or other 
major vessels in 62 per cent. New vessel formation 
was seen in 64 per cent of the cases. A localized zone 
of avascularity was present in g cases. Specific 
vascular changes in cerebral angiography were: (1) 
sharp deflections of arteries, (2) external carotid 
artery filling, (3) classic “cloud” stain, (4) central 
arterial zone with peripheral venous drainage in 
tumor area, (5) beaded, varicose appearance of small 
arteries, (6) fine, linear, wiry arterial vessels, (7) 
radiolucent defects in “‘cloud” stain, and (8) break 
in the superior sagittal sinus.—4. W. Sommer, M.D. 


Houman, Coun B., and MacCarry, Co tin S. 
Cerebral angiography in agenesis of the 
corpus callosum. Radiology, March, 1959, 72, 
317-322. (Address: C. B. Holman, The Mayo 
Clinic, Rochester, Minn.) 


The cerebral angiographic manifestations in 2 
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cases of agenesis of the corpus callosum are de- 
scribed. These represent the second and third re- 
ported instances in which the diagnosis was made 
prior to pneumoencephalography, operation or ne- 
cropsy. 

Agenesis of the corpus callosum is a rather un- 
common developmental defect of the brain. The 
pneumoencephalographic features as described by 
Davidott and Dyke are: (1) pronounced separation of 
the lateral ventricles, (2) angular dorsal margins of 
the lateral ventricles, (3) concave medial borders 
of the lateral ventricles, (4) dilatation of the caudal 
portion of the lateral ventricles, (5) elongation of the 
interventricular foramina, (6) dorsal extension and 
dilatation of the third ventricle, (7) radial arrange- 
ment of the medial cerebral sulci around the roof of 
the third ventricle, and (8) a large cisterna magna. 

The cerebral angiographic findings are sufficiently 
characteristic to make a diagnosis possible. The as- 
cending portions of the anterior cerebral arteries 
extend almost directly upward and then turn rather 
sharply posteriorly at a much lower level than under 
normal conditions. The usual curve of the artery, as 
it turns around the rostrum of the corpus callosum, 
is absent. For the remainder of its course the peri- 
callosal artery passes immediately above the roof of 
the third ventricle. The internal cerebral vein occu- 
pies a higher level than normal. 


M.D. 


A. W. Sommer, 


Dopp, Geratp D., Lois C., Ecan, 
Ropert L., and Herrera, J. Raut. The 
systematic use of tomography in the diag- 
nosis of carcinoma of the paranasal sinuses. 
Radiology, March, 1959, 72, 379-393. (Ad- 
dress: G. D. Dodd, Texas Medical Center, 
6723 Bertner Drive, Houston 25, Texas.) 

The authors present the results of a study of 123 
primary tumors and 68 secondary tumors of the 
paranasal sinuses in which they stress the need for 
and the advantages of the routine use of laminagra- 
phy. This work is an extension of studies begun in 
1948 by Dr. Gilbert H. Fletcher, who employed the 
basic technique then in use at the Curie Foundation. 
The primary tumors include those of the ethmoid, 
maxillary and sphenoid sinuses only, since no malig- 
nant frontal sinus lesions were encountered. In each 
instance roentgenography in the conventional pro- 
jections was supplemented by laminagraphic studies. 

Although the clinical picture is extremely diverse, 
depending on the location and extent of the individ- 
ual tumors, the presenting symptoms in this series 
almost invariably indicated invasion of the walls 
of the involved sinus with direct spread beyond its 
confines. Consequently, the disease is seldom diag- 
nosed in an early stage. Also, lymphatic metastases 
are more frequent than commonly recognized since, 
in this series, 22 patients (18 per cent) had clini- 
cally positive unilateral cervical lymph node meta- 
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stases, and § patients (4 per cent) had bilateral 
cervical lymph node metastases. The primary route 
of metastatic spread is posteriorly to the retro- 
pharyngeal lymph nodes, while metastases to the 
submental or submandibular lymph nodes occur only 
after direct invasion of the orbits or the buccal 
cavity. Since diagnosis is often delayed in these pa- 
tients, the authors recommend that any patient with 
inflammatory disease of the sinuses whose symptoms 
do not respond rapidly to the usual medications be 
subjected to roentgen examination. 

The recommended technique includes Caldwell, 
Waters, lateral and two verticomental views of the 
sinuses using small cones and a Potter-Bucky dia- 
phragm. A modified verticomental view is empha- 
sized in which the angle of the central ray is in- 
creased cephalically to more clearly delineate the 
posterior and medial walls and the ethmoid cells. 
Laminagrams are then made, with the patient 
prone, for a total of 8 coronal sections at levels of 2 
to g cm. above the table top. Each laminagraphic 
section represents a tissue depth of approximately 
3mm. 

The roentgenologic signs that indicate the presence 
of carcinoma of the paranasal sinuses include: 
opacification of the sinus, alteration in bone density 
(increased density, decreased density, loss of bone), 
and a soft tissue mass adjacent but extrinsic to the 
sinus. However, bone destruction is the only reliable 
sign of carcinoma. The other findings are nonspecific 
and often hamper early diagnosis since superimposed 
sinusitis is common. Persistent opacification of one 
sinus or unilateral opacification of several chambers 
is suggestive of the diagnosis, and extension of a soft 
tissue mass beyond the sinus chamber is a fairly 
reliable sign but can be simulated by a mucocele or 
pyocele. In such situations laminagrams are indi- 
cated since minimal bone destruction is frequently 
masked on conventional roentgenograms. 

The differential diagnosis of primary tumors in- 
cludes inflammatory lesions and metastatic cancer, 
usually the result of direct spread from adjacent 
tumors. Inflammatory lesions only rarely cause bone 
destruction and, when present, biopsy is required. 
The authors list 68 secondary tumors of the sinuses 
which, with the exception of those arising from the 
nasopharynx, were  indistinguishable 
graphically from primary tumors. 

Once the diagnosis is established, laminagrams are 
of further value in determining the extent of disease, 
thus aiding in the development of a plan of treat- 
ment. Also, laminagraphy should always be done 
after surgical excision to provide a basis for later 
differentiation between operative defects and de- 
struction from recurrent carcinoma. Since the pres- 
ent treatment results are far from satisfactory, the 
authors conclude that this situation can be attributed 
to late diagnosis and improper assessment of the 
disease resulting in inadequate or poorly planned 
therapy. It would seem that the routine use of 


roentgeno- 
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laminagraphy could increase current survival rates. 


Edward B. Best, M.D 


NeEcK AND CHEST 


ZIMMERMANN, H. Zur Aufnahmetechnik der 
Trachea im Seitenbild. (Roentgenographic 
technique of the trachea in lateral view.) 
Réntgen Blatter, April, 1959, 72, 119-125 
(From: Institut und Poliklinik ftir Physi- 
kalische Therapie und Rontgenologie der 
Universitat Miuinchen-Riederinstitut, Miin- 
chen, Germany.) 


Adequate visualization of the entire trachea on one 
lateral film is always difficult to obtain because of the 
difference in thickness between bones and soft tissues 
of the neck and those of the upper thorax. Only the 
cervical or the thoracic part of the trachea will be 
well identified, the other one being over- or under- 
exposed. Sufficient visualization of the trachea at the 
level of the thoracic inlet may, however, be of much 
diagnostic importance. The question of tracheal 
compression by an enlarged thyroid gland is one 
example. 

The difficulties mentioned above are only partially 
avoided by making two different exposures or utiliz- 
ing a slightly oblique position. The width of the 
trachea as seen on the oblique view shows the 
larger oblique diameter rather than the important 
anteroposterior diameter. 

Excellent visualization of the entire trachea on one 
lateral film may be achieved by the following two 
methods. (1) The arm nearest the roentgen-ray tube 
is raised vertically so as to compensate for the 
smaller thickness of the tissues of the neck as com- 
pared with the upper r thorax. High kv. technique is 
employed, since it penetrates bone more readily than 
soft tissue which is then seen in greater detail. The 
limitations of this technique are: some very old 
patients cannot raise their arms; in obese patients, 
the raised arm occasionally does not compensate 
sufficiently for the difference in thickness between 
thorax and neck; and the cortex of the humerus run- 
ning parallel with the trachea may sometimes be con- 
fusing. Another technique may, therefore, be at 
times desirable. (2) A compensating 2 to 3 mm. Cu 
filter is used over the lateral cervical region nearest 
the tube. The lower part of this compensating filter 
is cut out in a U-shaped manner so as to fit over the 
shoulder. With 100 to 120 kv. and 10 to 15 mas., the 
anteroposterior diameter of the entire trachea is well 
demonstrated on one film.—Wolfgang H. Steinmetz, 
M.D. 


Apams, Crawrorp W., and Hupcains, JAMEs 
M. Pulmonary infarction after dental extrac- 
tion; report of two cases with recovery. 
F.4.M.A., May 23, 1959, 770, 412-416. 
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(Address: C. W. Adams, 


South, Nashville, Tenn.) 


I211 Ave., 


Although dental extractions are probably the com- 
monest cause of cervical trauma, they are rarely 
associated with cervical phlebothrombosis or pul- 
monary infarction. The authors report 2 cases of 
pulmonary infarction after dental extraction both 
of which recovered. 

The superior venous circulation is rarely consid- 
ered a source of pulmonary infarction. Since there is 
often a delay of one or two weeks before the symp- 
toms of embolization appear, it is not surprising 
that this disease of the lung is not associated with 
earlier oral trauma. The tendency of physicians to 
dismiss episodes of chest pain, fever, and cough as a 
“virus pneumonia” may allow this disease to go un- 
recognized. An accurate diagnosis, based on recogni- 
tion of the antecedent oral trauma, or a careful 
search for signs of cervical venous disease may be 
expected to reveal the correct etiology. This is more 
than an academic exercise, because proper treatment 
should include the early use of anticoagulants. 


William C. MacCarty, ‘fr., M.D. 


KpeE, SHAKEEB, Davis, Georce M., and 
Hoimes, Francis H. Staphylococcic pneu- 
monia. 7.4.M.A., June 6, 1959, 770, 638 
643. (Krom: U. S. Naval Hospital, Great 
Lakes, Ill.) 

The assumption that staphylococci have gained in 
importance among the causes of pneumonia is ques- 
tioned. The comparison made between statistics pub- 
lished before 1932 and the data assembled by the 
authors from 1,177 cases of acute pneumonia indi- 
cates a decline in this type. 

When staphylococcic pneumonia does occur, it de- 
velops rapidly; the patient is liable to show sudden 
intensification of dyspnea and cyanosis, and serious 
complications are likely. Diagnosis depends on the 
bacteriologist and treatment consists primarily of 
using the proper antibiotic. 

The first indication the roentgenologist has that a 
pneumonia is staphylococcic comes from the clini- 
cian who states his patient shows a greater toxic re- 
action than the roentgenographic findings would 
indicate. The most common roentgenographic find- 
ing on admission in patients of this series was several 
small, roughly oval or rounded areas of consolida- 
tion, quite often bilateral. 

Infiltrates that persist are said to usually demon- 
strate cavity formation within ninety-six hours. 
After cavitation any of six courses may develop: 
(1) spontaneous resolution of a cavity; (2) coales- 
cence of small cavities to form larger cavities; (3) 
absorption of the fluid content and persistence of the 
cavity as a pneumatocele; (4) bronchopleural fistula 
formation (pyopneumothorax); ($) empyema forma- 
tion without bronchopleural fistula; and (6) necrosis 
of affected lungs. The coalescence of small cavities is 
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practically pathognomonic of staphylococcic pneu- 
monia.— James McCort, M.D. 


SANDLER, BENJAMIN P., and Manoney, JOHN 
W. Eosinophilic pneumonopathy (Loeffler’s 
syndrome): case report describing two at- 
tacks in the same patient and contrasting 
steroid with nonsteroid therapy. dm. 7F 
M. Sc., May, 1959, 237, 624-630. (From: The 
Diagnostic Service and Tuberculosis Services, 
Veterans Administration Hospital, Oteen 

This report describes a case of acute eosinophilic 
pneumonopathy (Loeffler’s syndrome) in a twenty- 
three year old white male army veteran who re. 
sponded readily to hydrocortisone. There was dra- 
matic clinical improvement, a fall in temperature to 
normal level within thirty-six hours, and almost 
complete clearing of pulmonary infiltrations in ten 
days. An opportunity was afforded to compare the 
clinical course of this cortisone-treated attack with a 
virtually similar attack experienced by the same 
veteran in 1955, while on duty in the army in Japan. 
The 1955 attack demonstrated the natural history 
of the disease when untreated with either ACTH or 
cortisone. Both attacks had similar onset and showed 
almost identical degree of involvement on initial 
roentgenographic examination of the chest at the 
time of admission to the respective hospitals. 

For the 1955 attack, the veteran was hospitalized 
for six months, and was kept on bed rest. His fever 
lasted for forty days. It required about sixty days 
for the lungs to clear, and there was slow clinical im- 
provement. In addition, the attack was complicated 
by right pleural and pericardial effusions. 

With hydrocortisone, the 1958 attack required 
twenty days of hospitalization, the fever lasted for 
thirty-six hours, there were no complications, the 
clinical improvement was rapid, and the chest roent- 
genograms showed practically complete clearing in 
about ten days. 

Both attacks began with upper respiratory infec- 
tions which followed moderate exhaustion and ex- 
posure to inclement weather. The infections spread 
to the bronchi and lung parenchyma and were ac- 
companied by severe cough productive of sputum 
which was blood-tinged at times, marked dyspnea, 
perspiration, anorexia, fever and weakness. The 
patient gave no history of allergy, past or present. 

The prompt effect of the hormone on the eosino- 
philia, fever, subjective symptoms, and pulmonary 
infiltrations warrants the conclusion that the hor- 
mone had a powerful and beneficial effect on the 
fundamental etiologic factor. The fact that both at- 
tacks were apparently precipitated by physical ex- 
haustion is significant.—Stephen N. Tager, M.D. 


Sanen, F. J. Das Hamman-Rich-Syndrom. 
Die akute, diffuse, interstitielle Fibrose der 
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Lunge: Lungenzirrhose. (The Hamman-Rich 
syndrome. Acute, diffuse, interstitial lung 
fibrosis: lung cirrhosis.) Wien klin. Wchnschr., 
May 15, 1959, 77, 347-351. (From: Taunton 
State Hospital, Taunton, Mass.) 


The literature is briefly reviewed and one case of 
the Hamman-Rich syndrome in an eighty-one year 
old female is added. In 52 well documented cases the 
age incidence was between nine and eighty-one years 
with an equal sex distribution. Most cases occurred 
in the forty-five to sixty year age group. 

The clinical symptomatology such as dyspnea, 
cough and cyanosis is nonspecific. Occasionally, the 
patients complain of weight loss, chest pain and 
hemoptysis. High fever is the rule in fulminating 
cases, whereas more protracted and chronic cases 
tend to run an afebrile course. 

The roentgenographic findings, unfortunately, are 
nonspecific as well. Initially, in this disease one en- 
counters increased interstitial markings or merely 
prominent lung roots. Later, one commonly observes 
bilateral fuzzy basilar infiltrates, or diffuse reticular 
and small nodular patterns. Sarcoidosis, atypical 
pneumonias, mycoses, pneumoconioses, lymphatic 
carcinomatosis, leukemic infiltrations and collagen 
diseases are mentioned in the roentgenographic dif- 
ferential diagnosis. 

In the majority of cases, the diagnosis is estab- 
lished on histologic grounds. Pronounced widening 
of the alveolar septa with fibroblastic proliferation 
and hypertrophy of the alveolar epithelial cells is 
the most conspicuous finding. Etiology and therapy 
are briefly discussed and an extensive bibliography is 
added.—W alter G. Heiman, M.D. 


Escu, D., and THurn, P. Zur Diagnose der 
pulmonalen Hypertonie im  gewohnlichen 
R6ntgenbild. (Diagnosis of pulmonary hyper- 
tension on the conventional roentgenogram.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, April, 1959, 90, 434-451. 
(From: Medizinische  Universitatsklinik, 
Bonn, Germany.) 


Special examinations, such as heart catheteriza- 
tion and cardioangiography, have made possible a 
more exact knowledge of the structural changes of 
the pulmonary vascular system under the influence 
of pathologically altered hemodynamics. The main 
types of pulmonary hypertension are: (1) those sec- 
ondary to chronic lung disease (emphysema, silicosis, 
etc.); (2) passive pulmonary hypertension in which 
there is congestion in the veins of the lungs (mitral 
stenosis, etc.); and (3) those due to congenital cardio- 
vascular changes (patent ductus arteriosus, inter- 
ventricular septal defect, etc.). 

In evaluating the roentgenogram in pulmonary hy- 
pertension, the authors used the following criteria: 
(1) prominence of the main pulmonary artery seg- 
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ment; (2) widening of the proximal branches of the 
pulmonary arteries; (3) abrupt narrowing at the 
junction between the lobar and segmental arteries; 
and (4) diminution of the peripheral pulmonary 
vascular system. 

Prominence of the main pulmonary artery occurs 
relatively frequently, even with only a slight pulmon- 
ary hypertension. This does not apply to cases of 
congenital heart disease with an increase of the pul- 
monary blood volume, since in 6 of 9 such cases a 
prominent pulmonary segment was found when the 
pulmonary arterial pressure was normal. Also, a 
normal pulmonary artery segment does not exclude 
even a high degree of pulmonary hypertension. 
Dilatation of the proximal portion of the pulmonary 
arteries (more than 15 mm. in width) is quite an ac- 
curate indication of pulmonary hypertension, but 
the degree of dilatation is not proportional to the 
amount of hypertension. An increase in the pulmo- 
nary blood flow must be excluded in evaluating most 
of the criteria used in the diagnosis of pulmonary 
hypertension. A normal roentgenogram in no way 
excludes pulmonary hypertension. A decrease in the 
peripheral pulmonary vasculature is significant of an 
increase in pulmonary arterial pressure only when it 
is combined with a dilatation of the proximal por- 
tion of the pulmonary artery. 

A characteristic disproportion of blood vessel size, 
produced by a widening of the proximal branches of 
the pulmonary artery combined with an abrupt de- 
crease in size of the medium and smaller lung vessels, 
is the only single reliable roentgen finding in pulmo- 
nary hypertension, even in cases of an increase in the 
pulmonary blood flow.—Samuel Richman, M.D. 


SKELETAL SYSTEM 
vaN Bucuem, F. S. P. Osteomalacia; patho- 
genesis and treatment. Brit. M. F., April 11, 
1959, 7, 933-938. (From: Department of In- 
ternal Medicine, University of Groningen, 
Netherlands.) 


Two processes are evident in the formation of 
osseous tissue. First, the matrix, a tissue rich in pro- 
teins, is formed by the osteoblasts. Then this matrix 
is calcified by precipitation of calcium phosphate. In 
osteomalacia the bone matrix is formed, but its 
calcification is insufficient, and this gives rise to the 
development of osteoid zones, that is, noncalcified 
matrix around the bone trabeculae. In osteoporosis 
the growth of the bone matrix is disturbed so that 
there are no osteoid zones. 

The same abnormalities of osteomalacia are found 
in rickets, which is only distinguished from osteo- 
malacia in that it affects young persons in whom 
the epiphyses have hot yet closed. In rickets the 
deficient calcification also becomes evident, and wide 
and irregular epiphyses develop. In adults the epi- 
physes are closed, so that the process manifests it- 
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self only in the formation of new bone, which also 
regularly takes place in adults. A more or less general 
decalcification of the skeleton is found accompanied 
by the osteoid zones around the trabeculae on the 
flat and long bones. 

In the consideration of the causes of osteomalacia, 
vitamin D deficiency is of importance. This may re- 
sult from deficient nutrition or from insufficient 
absorption of vitamin D from the intestine, such as 
in nontropical sprue and chronic pancreatitis. In the 
presence of deficiency a considerable quantity of 
calcium and phosphate taken up with the food is lost. 
Calcium excretion in the urine is decreased, while 
calcium excretion in the stool is increased. 

Since vitamin D is formed in the skin under the 
influence of sunlig it, the lack of sunshine will pro- 
mote the development of osteomalacia. The vitamin 
D content of foodstutts varies considerably with the 
season of the year. It is present in large amounts in 
the liver oil of certain kinds of fish. Margarine used as 
a butter substitute contains no vitamin D unless it 
has been especially added. Vitamin D deficiency is 
often accompanied by a calcium deficiency. During 
pregnancy and lactation, there is a loss of calcium 
with vitamin I) deficiency and the risk of osteo- 
malacia. 

A second important cause of osteomalacia is a 
disturbance of absorption of vitamin D by the in- 
testine, which is usually accompanied by a disturbed 
calcium absorption. Vitamin D absorption takes 
place in the small intestine. The presence of bile is 
necessary even though there is an excess of the vita- 
min. In biliary congestion, liver disease, sprue, 
chronic pancreatitis, increased pH of gastric juice 
as in pregnancy, regional ileitis and after operations 
with the formation of an intestinal shunt, the ab- 
sorption of vitamin D may be inadequate. 

The non-nutritional causes of osteomalacia in- 
clude diseases of the kidney, such as renal tubular 
osteomalacia, renal acidosis and idiopathic hyper- 
calcuria. Prolonged treatment with corticotrophin 
and cortisone may cause not only osteoporosis, but 
also osteomalacia. The calcium loading test is of 
great value in the differentiation between osteo- 
porosis and osteomalacia. An increased serum alkaline 
phosphatase has also been found in cases of Cush- 
ing’s syndrome. 

Skeletal deformities, such as deformed pelvis, thin, 
flexible cortex of long bones and “‘fish vertebrae” due 
to pressure of the intervertebral disks are found 
rarely because of the shorter duration of the process 
of osteomalacia. Roentgenologically visible general 
skeletal abnormalities do not arise until after the 
calcium reserve has decreased by about 30 per cent. 
The abnormalities are usually limited to slit-like or 
wider band-shaped clear areas in the skeletal shadow. 
Usually there are several at the same time, in most 
cases located symmetrically. These gaps may be 
shallow, but they may also interrupt the whole con- 
tinuity of the skeleton, such as pseudofissures or 
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pseudofractures. These deformities are usually found 
in the os pubis and ischii, femoral necks, ribs, radii, 
ulnae and metatarsals. Histologic examination 
proved them to consist of noncalcified cells. Looser 
called them ‘““Umbauzonen” or zones of transforma- 
tion because they are not real fractures. These 
roentgenologic abnormalities are sometimes referred 
to as the ‘““Milkman syndrome.” 

The differential diagnosis of osteoporosis and 
osteomalacia may be difficult. Not infrequently, 
causes for both processes may be present. In typical 
osteoporosis the decalcification is rarely localized in 
the long bones, and the plasma concentration of 
calcium, phosphate and alkaline phosphatase is nor- 
mal. Although an increase in alkaline phosphatase 
occurs early in osteomalacia, it is not pathognomonic 
for this disease. One of the earliest manifestations is 
atrophy, in the form of a thinning of the cortex of 
the bones of the hand. The other roentgenologic ab- 
normalities of the skeleton occur only later. 

The various causes of osteomalacia should be 
taken into account if rational treatment is to be 
given. A diet rich not only in vitamin D, but also in 
calcium is indicated in vitamin D deficiency, or in 
the case of deficient absorption. Gluten-free food is 
of importance in nontropical sprue. “A.T. 10” has 
proved to be of great value in renal tubular osteo- 
malacia. Prophylactic treatment with vitamin D 
and calcium is recommended in all cases of nontropi- 
cal sprue, chronic pancreatitis and in pregnancy. 

With vitamin D treatment, care should always be 
taken to avoid vitamin D intoxication. Constant at- 
tention should therefore be given to the initial mani- 
festations of this condition, among which are poly- 
uria, polydipsia, anorexia and vomiting.—. N. Ané, 
M.D. 


Wana, C. C., Lowrey, C. W., and SEVERANCE, 
R. L. Fatigue fracture of the pelvis and the 
lower extremity. New England F. Med., May 
(From: The Radio- 
logical and Surgical Services, United States 


Army Hospital, Fort Chaffee, Ark.) 


This article is based on the authors’ experience 
with 97 fatigue fractures of the pelvis and of the 
lower extremity in 83 patients, Four of the fractures 
were in the pelvis, 4 in the femur, 8 in the tibia, 6 in 
the os calcis, and 75 in the metatarsal bones. 

The patients were all males ranging in age from 
eighteen to twenty-five years. None of the patients 
presented a history of acute trauma. 

The fractures generally manifested as a deep pain 
in the involved bone. Prolonged unaccustomed ac- 
tivity aggravated by boots and heavy clothing ap- 
peared to be the primary etiologic agent. 

The femoral fractures occurred in the lower one- 
third of the shaft, while the tibial fractures occurred 
in the proximal one-third. Fatigue fractures were 
characterized roentgenographically by a transverse 
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sclerotic zone at the fracture site and were often ac- 
companied by abundant periosteal reaction. 

Differential diagnosis includes pseudofracture due 
to systemic disorder, osteoid osteoma, osteomye- 
litis, periostitis, and bone sarcoma. The character- 
istic clinical history and the transverse zone of scle- 
rosis and/or a radiolucent fracture line render 
fatigue fractures recognizable. 

Diagnosis is important because undetected fatigue 
fractures subjected to minimal trauma may develop 
into more severe displaced fractures.—Martin A. 


Thomas, M.D. 


Bopart, J. La maladie d’Albers-Schonberg; 
présentation de deux nouveaux cas. (Albers- 
Schonberg disease; report of two new cases.) 
F. belge de radiol., 1959, 47, 645-680. (From: 
Service de Radiologie de la Clinique Louis 
Caty a Baudour.) 

Primary osteopetrosis is a disease affecting the 
skeletal system, always symmetric, with excessive 
density of bony tissue. Synonyms of osteopetrosis are 
“marble bone,’”” Marmorskeleton, and osteosclerosis 
fragilis generalisata, but osteopetrosis is the preferred 
name. 

During the past fifty years, less than 300 cases 


have been described in the literature. The rarity of 


the disease rather justifies this report of 2 new cases 
and a review of the literature. 

Osteopetrosis has a slight preponderance in males 
over females, occurring 54 per cent in males and 46 
per cent in females. The incidence is highest during 
the first three decades of life. The disease is heredi- 
tary and familial characteristics occur in 50 per cent 
of the cases. 

Among the significant clinical manifestations are 
anemia, fractures, optic atrophy and other neuro- 
logic signs. The anemia is concomitant with dis- 
turbed hemopoietic function of the dense bone. 
Fractures occur because of the increased brittleness 
of the bone. Optic atrophy and other neurologic 
signs are the result of pressure upon the foramina 
through which the nerves pass. The most frequent 
sites of bony fracture are the superior part of the 
femur, usually a horizontal subtrochanteric fracture, 
the shaft of the femur, the humerus and the ribs. 
Neurologic manifestations are observed in connec- 
tion with the optic nerve as well as the seventh and 
eighth intracranial nerves. Osteitis occurs in 10 per 
cent of cases involving the maxillary bones. There 
is considerable accompanying suppuration. 

The roentgenologic signs are due to increase in 
bony density, which is as variable in extent as it is in 
degree. There may be accompanying clubbing and 
striations or annular areas of density. No matter how 
varied or extensive the bony density may seem, one 
thing is always constant, 7.e., absolute symmetry. 
The disease may begin at varying periods in the 
skeletal development. It may be interrupted by re- 
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missions and may stop completely at the end of the 
period of skeletal growth. However, once formed, 
the bony density, as demonstrated roentgenologi- 
cally, remains unaltered and becomes increasingly 
resistant to any process of decalcification, with total 
loss of distinction between spongiosa and compacta. 
Rarely does osteopetrosis manifest itself in the form 
of isolated nodules or islands of increased density 
within normal bony structure. Noteworthy is the 
fact that the density of the bones at the base of the 
skull is often three times greater than that of the 
vault. Pneumatization of the mastoids is reduced. 
If the carpal bones are dense, this suggests that the 
disease was active at the period of their ossification, 
making it possible to compute the ages at which 
these changes occurred. 

Blood chemistry studies reveal that calcium, phos- 
phorus and alkaline phosphatase are maintained at 
normal levels. 

Anatomic studies show the bones to be heavy, 
dense, and increasingly brittle. There is regression 
and obliteration of the medullary canal and of the 
medullary spaces in the spongiosa. 

Ditferential diagnosis involves consideration of 
(1) the localized type and (2) the generalized type, 
especially those with striations. The localized type 
must be differentiated from osteomyelitis, Paget’s 
disease, osteoid osteoma, and Caftey’s disease and 
the generalized type from generalized carcinoma- 
tosis and fluorine intoxication. 

In the mild and moderately advanced cases, 
osteopetrosis is compatible with a reasonably long 
life, whereas in the advanced cases death comes 
early. Anemia and infections are the principal factors 
which determine the prognosis. 

There is no known treatment for osteopetrosis at 
this time. 

The author’s cases are those of 2 sisters, twelve 
and fourteen years of age, in whom characteristic 
roentgen diagnostic findings were noted. The in- 
volvement of the skeletal system was rather wide- 
spread. 

In summary, the clinical picture consists of ane- 
mia, fragility of the bones, maxillary osteitis, and 
optic atrophy. The author stresses the possibility of 
an association with other syndromes such as tvleido 
cranial dysostosis. Roentgenologically, the appear- 
ance is diversified, ranging from more or less gen- 
eralized, but always symmetric, homogeneous con- 
densation involving the entire skeleton to regional 
localization, with parallel striations in the meta- 
physes of the long bones and concentric rings in the 


short bones.—William H. Shehadt, M.D. 


Istey, JosepH K., Jr., and Bayiin, Georce J. 
Prognosis in osteitis condensans ili. Radio/- 
ogy, Feb., 1959, 72, 234-237. (Address: 
J. K. Isley, Jr., Department of Radiology, 
Duke University Medical Center, Durham, 
N. C.) 
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Of 19 patients in whom a diagnosis of osteitis con- 
densans ilii had been made on the basis of roentgeno- 
logic findings alone, 9 cases with long-term follow-up 
examinations ranging from three to thirteen years 
were studied regarding their prognosis. All but 2 
showed definite roentgenographic signs of improve- 
ment, though one of these actually showed an in- 
crease in the area involved and degree of density. 
Back pain spontaneously disappeared after a few 
days to weeks. There were no patients in the series 
over fifty years of age. These findings suggest that 
osteitis condensans ilii is a benign, selflimited disease 
which undergoes spontaneous regression over a 
period of months to years.—Walter H. Farvis, Fr., 
M.D. 


H. Das Roéntgenbild tubular beding- 
ter Osteopathien bei Erwachsenen. (Roent- 
gen findings in osteopathies of adults caused 
by tubular changes.) Wien. klin. Wehnschr., 
April 17, 1959, 7/7, 280-282. (From: I. 
Medizinische Universitatsklinik, Vienna, 
Austria.) 


Osteopathies due to malfunction of renal tubules 
are known as vitamin D resistant osteomalacia, 
phosphate diabetes, amine diabetes, so-called tubular 
renal acidosis and idiopathic hypercalcuria. Knowl- 
edge of the entities is important because although the 
hone changes are frequently believed to be primary in 
the beginning, the clinician can be alerted by the 
roentgenologist to search for an underlying meta- 
bolic disorder. 

Roentgen findings are generalized osteoporosis 
with decalcification and cortical thinning, also lack 
of sharpness with ground-glass appearance. In 
adolescents the epiphyseal lines are widened and 
metaphyseal trabecular structures are coarse. In 
far advanced cases there are typical umbau zones 
with or without stress fractures. Early recognition 
of the changes is essential to prevent gross deformi- 
ties of the thorax, spine, pelvis or hips. The roentgen 
findings are not characteristic of any specific con- 
dition, and differentiation of the various osteopathies 
by roentgen methods is not possible. 

In ten years, 32 cases of active osteomalacia were 
observed by the author, to with renal genesis, 6 of 
which belonged to the group of tubular osteopathies. 
Two cases had glomerular lesions with eclampsia 
and pyelonephritis, respectively. No case of the rare 
amine diabetes or of renal tubular acidosis was ob- 
served. 

Briefly described are 2 cases with hypercalcuria, 2 
cases with vitamin D resistant rickets and phos- 
phate diabetes, and 1 case with far advanced osteo- 
malacia and associated renal calculus. 

Therapeutically, specific diets and medications 
are necessary for relief of symptoms and for preven- 
tion of gross deformities.—Ernest Kraft, M.D. 
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STRICKLAND, Basit, and Mackenzie, D. H. 
Bone involvement in synovial sarcoma. 7. 
Fac. Radiologists, April, 1959, 70, 64-72. 
(From: Departments of Diagnostic Radiol- 
ogy and Morbid Anatomy, Westminster 
Hospital, London S.W.1, England.) 


Synovial sarcomas constitute a group of malignant 
tumors arising from joint capsules, bursae and ten- 
don sheaths, usually in the neighborhood of joints, 
particularly in the extremities. They occur most 
commonly in children. Hematogenous spread to the 
lungs is frequently a terminal feature, but lymphatic 
spread to regional lymph nodes is often observed. 
The better differentiated tumors are relatively slow 
growing. Foci of calcification may be present. The 
most characteristic microscopic feature is the tumor’s 
capacity for pseudoepithelial differentiation. It is 
often difficult to distinguish a poorly differentiated 
synovial sarcoma from a fibrosarcoma, but well dif- 
ferentiated synovial sarcomas may mimic a metas- 
tasis from an adenocarcinoma. 

Roentgenologically, this tumor may be suspected 
by its proximity to joints, the lobulated soft tissue 
mass, the absence of effusions, and occasionally 
punctate and fleck-like agglomerations of calcium 
within the tumor mass. Golding (1950) mentions 
bone involvement as one of the three main roentgeno- 
logic stigmata of the tumor. The authors present 18 
cases of histologically proven malignant synovio- 
mata, all showing roentgenologic evidence of bone 
involvement, occurring in a series of 65 synovial 
sarcomas. The roentgen features displayed in these 
18 cases are given as follows: (a) periosteal prolifera- 
tion either alone or in association with other features, 
sometimes accompanied by pressure atrophy of the 
bone primarily involved, or of neighboring bones; 
(b) osteolytic lesions, usually as a progressive dis- 
appearance of the shaft of a bone previously made 
atrophic from pressure, more rarely as a central nidus 
of osteolysis alone, and sometimes as an erosion 
commencing at the attachment sites of a joint cap- 
sule, the latter so called typical appearances being 
present in 2 of the 18 cases; (c) rarely as an osteo- 
sclerosis of the medulla and cortex, together with 
periosteal proliferation. 

In differential diagnosis, chronic osteomyelitis 
may be accompanied by periosteal proliferation. 
Neurofibroma undergoing malignant change may 
cause pressure atrophy of bone. Invasion of bone at 
the site of capsular attachment and the accompany- 
ing osteoporosis may simulate tuberculosis. While 
calcification may be seen in synovial sarcomas, it is 
not very frequent, and it may occur in fibrosarcoma 
of muscle.—Samuel G. Henderson, M.D. 


CocksHotr, Perer, and MacGrecor, Mat- 
cotm. The natural history of osteomyelitis 
variolosa. ¥. Fac. Radiologists, April, 1959, 
10, §7-63. (From: University College and 
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University College Hospital, Ibadan, Ni- 

geria.) 

Based on a series of 34 cases of osteomyelitis 
variolosa seen in the radiology department of Uni- 
versity College Hospital in a period of eighteen 
months, the authors describe the clinical and patho- 
logic aspects of this disease, followed by a descrip- 
tion of the roentgenographic changes in the acute 
stage and in subsequent follow-up periods. 

The large majority of patients with smallpox who 
develop osteomyelitis variolosa are less than five 
years of age. As a rule the complication first appears 
insidiously between the tenth and twentieth days 
after onset. It may occur with bone disease plus 
arthritis, or with bone infection alone. The condition 
begins in a joint, usually an elbow, and over the 
next few days various other joints may become in- 
volved. Involvement other than in the extremities is 
confined to the temporo-mandibular joints and to the 
hip joints. Swelling of the soft tissues over the af- 
fected bone and joints may be marked. 

The main reasons for considering this disease as 
being due initially to bone infection by smallpox 
virus are given by the authors as: (1) the lesion be- 
haves similarly to proved viral infections of bone; 
(2) elementary bodies are present in the fluid of 
affected joints; (3) the clinical course differs from 
acute bacterial infections; (4) wide spectrum anti- 
biotics and chemotherapy administered prophy- 
lactically do not prevent this disorder; and (5) anti- 
biotics given after the onset of the complication do 
not appear to influence the course of the disease. 

Acute Stage—Definite abnormalities will usually 
be found on roentgen examination when clinical signs 
first appear, or within five to seven days thereafter. 
One sees on the film the clinically evident soft tissue 
swelling, and juxtametaphysial osteoporosis of one 
or more of the bones adjacent to the joint, and at 
times a very thin layer of periosteal new bone. 
Within ten days there will be seen a definite trans- 
verse band of bone destruction at the metaphysial 
site. Periosteal new bone will be obvious, becoming 
exuberant during the ensuing two weeks. By the 
third and fourth weeks the original diaphysis may 
appear to be sequestrated within the periosteal new 
bone involucrum. Considerable remolding occurs 
within a year, but most involved bones remain 
thicker than normal. The tarsal bones are apt to 
show various deformities if weight bearing is per- 
mitted during the acute stage. In some cases because 
of the transverse metaphysitis, displacement or de- 
struction of an epiphysis may occur. Total detach- 
ment of the epiphysis may result. 

Late Manifestations.—The authors state that most 
patients will reveal several of the following processes: 
(1) YFoint Changes—(a) flail joint with or without 
loose bodies; (b) bony or fibrous ankylosis; (c) 
degenerative secondary osteoarthritis; (d) malformed 
bones, but apparently intact joint space. (2) Growth 
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Disturbances—(a) rarely total cessation of growth; 
(b) retardation of growth with expansion of meta- 
physes and delay in appearance or disappearance in 
the roentgenogram of secondary centers of epiphysial 
ossification; (c) premature obliteration of epiphysial 
lines; (d) distortion by weight bearing.— Samuel G. 


Henderson, M.D. 


LeEVENE, J. Bone changes in neuro- 
fibromatosis; report of a case with coinci- 
dental osteitis deformans and review of the 
literature. 4.M.A. Arch. Int. Med., April, 
1959, 703, §70-580. (From: Cherry Knowle 
Hospital, Ryhope, Co. Durham, Sunderland, 
England.) 


This article reviews the salient literature on 
neurofibromatosis with special reference to the bone 
changes including erosive defects, scoliosis, disorders 
of growth, bowing and pseudoarthrosis, intra-osseous 
cystic lesions, congenital anomalies, and_ osteo- 
malacia (Swann). 

The author presents a case in which Paget’s dis- 
ease was found complicating neurofibromatosis of 
the soft tissues and bones with vertebral collapse, 
scoliosis, and long bone cysts. 

Only 2 other cases have been reported in the litera- 
ture where these two diseases have been associated. 


George A. Miller, M.D. 


Douctas, W. F., ScHoNHULTz, GEORGE J., and 
Geppert, Leo J. Chondroectodermal dys- 
plasia (Ellis-van Creveld syndrome); report 
of two cases in sibship and review of litera- 
ture. 4.M.A. F. Dis. Child., April, 1959, 97, 
473-478. (From: The Pediatric and Ortho- 
pedic Services, Walter Reed Army Hospital, 
Washington, D. C.) 


The authors report 2 cases of chondroectodermal 
dysplasia which represent Cases 20 and 21 in the 
literature and the fourth recurrence in one family. 
The constant features of this syndrome form a triad 
of (1) dyschondroplasia, (2) selective ectodermal 
dysplasia, and (3) manual polydactylism. The less 
constant features include obliteration of the superior 
labiogingival sulcus, congenital heart disease, mental 
retardation, and occasionally mild genital and lower 
extremity anomalies. 

The pathognomonic roentgenographic signs con- 
sist predominantly of proximal tibial peaking with 
a long lateral and short medial slope. A hypoplastic 
proximal tibial ossification center is ectopically 
located over the latter. All tubular bones are short 
and thick. There is widening of the distal radial and 
proximal ulnar as well as narrowing of the proximal 
radial and distal ulnar bones. A tendency toward 
carpal and metacarpal synostosis is present; fusion 
of hamate and capitate bones as well as the fifth 
and sixth metacarpals is often described. Acetabular 
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hypoplasia and a tendency towards exostosis in the 
region of the hips have been inconstant features. 
The fibula is not disproportionately long as seen in 
achondroplasia.—C. Peter Truog, M.D. 


SIERACKI, C., and Ketiy, ALex P., 
Jr. Traumatic epidermoid cysts involving 
digital bones; epidermoid cysts of the distal 
phalanx. 4.M.A4. Arch. Surg., April, 1959, 
78, $97-603. (From: The Departments of 
Pathology and Plastic Surgery, Henry Ford 
Hospital, Detroit, Mich.) 


The authors review 9 cases of epidermoid cysts in 
the digital bones. These cysts are generally the result 
of trauma and occur in a painful finger which may 
be swollen. 

Roentgenographically, unilocular lytic lesions are 
usually found in the involved bone. The cortex may 
be broken due to pathologic fractures or previous 
surgery. There is no reaction in the bone about the 
lesion and as a rule the epiphyseal area is not in- 
volved. 

The cysts varied in size from .03 to 1.3 cm. The 
contents of the unruptured cysts consisted of flaky 
keratinous debris. 

These cysts can be removed by surgery in most 
cases with preservation of the involved portion of the 
finger.-George A. Miller, M.D. 


Heyman, Crarence H., HErRNpoN, CHARLES 
H., and Kincspury G. Congenital 
posterior angulation of the tibia with talipes 
calcaneus; a long-term report of eleven pa- 
tients. 7. Bone & Foint Surg., April, 1959, 
476-488. (From: The Services for 
Crippled Children, Elyria Memorial Hospital 
Elyria, Ohio.) 


The clinical data, treatment and prognosis of a 
distinct entity consisting of posterior or postero- 
medial convexity of the tibia with associated talipes 
calcaneus are discussed on the basis of 11 patients 
who were studied over a period of from four to 
eighteen years. 

Congential angulations of the tibia are classified 
into three groups. Groups 1 and 1 show anterior 
angulation: Group I is associated with pseudoarthro- 
sis, Group 1 with talipes equinus. The patients in 
this report relate to Group 11 and are unique in the 
fundamental nature of their deformity and their 
good prognosis with conservative treatment. 

The physical characteristics of the group are 
described: posterior and medial bowing at the medial 
junction of the middle and lower thirds of the dia- 
physis of the tibia with similar bowing of the fibula, 
severe talipes calcaneus, tightness of the anterior leg 
muscles and weakness of the triceps surae, shortness 
confined chiefly to the lower leg, structural bony ab- 
normality confined to thickening of the cortex on 
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the concave side, no impairment of the tibial epi- 

physis, and no unusual tendency to fracture. 
Although relatively rare, the literature shows 69 

cases extant. Results of treatment, reported in 57 


cases, were good. Mcst were treated conservatively. 
Some shortening persisted in all. 

The authors’ 11 patients were treated with mas- 
sage, splint and brace. Early treatment was directed 
to the severe calcaneus deformity with massage and 
forced plantar flexion. The use of a brace was in- 
stituted at six months of age. It was worn during the 
day until bowing was corrected by growth. The 
calcaneus deformity was eliminated by relief from 
contracture. The brace served to exert force in an 
anterior direction against the tibia at the convexity 
of the curve and a stop-joint at the ankle prevented 
calcaneus deformity. The brace was worn an average 
of three years. 

Results of treatment showed complete correction 
of the calcaneus deformity in all cases. The feet re- 
mained slightly smaller than the normal foot and 
calf circumference was slightly less. Tibial bowing 
was completely corrected or remained minimal in all 
patients. Some degree of shortening persisted in 
every case. Shortening ranged from a minimum of 
one-half inch to a maximum of two inches. Roent- 
genographic reproductions illustrate the initial de- 
formity and progressive improvement in several of 
the patients.—fack Reynolds, M.D. 


Rascovan, SAMUEL. Sindrome tibial anterior. 
(Anterior tibial syndrome.) Prensa méd. 
argent., Sept. 5, 1958, 45, 2975-2980. (Ad- 
dress: Av. Riestra 1230, Buenos Aires, 
Argentina.) 


The anterior tibial syndrome consists of an ische- 
mic necrosis of the muscles of the anterior compart- 
ment of the leg due to occlusion of the anterior tibial 
artery. The patients complain of intense pain ex- 
acerbated by walking, swelling in the pretibial 
space, and ultimately paralysis of the muscles in that 
region with foot drop. Histologically, there is massive 
muscular necrosis which in later stages is replaced by 
fibrous tissue, and degeneration of the nerve proper 
and sheath. 

The author reports 3 new cases, 2 of them caused 
by embolism and the other by thrombosis. The pa- 
tients were observed closely and there is a good de- 
scription of the clinical history, arteriography, his- 
tologic examination and muscular physiology tests. 
A short follow-up on each patient indicates that 2 of 
them had successful surgical removal of the necrotic 
tissue, whereas the one with long-standing throm- 
bosis of the vessels of the extremity required amputa- 
tion of the leg.—F. Comas, M. D. 


Biocu-Micuet, H., Caucnorx, J., and Cam- 
BIER, J. Les arthropathies nerveuses du 
diabéte: étude clinique et radiologique. (The 
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neurogenic arthropathies of diabetes: clinical 
and radiologic discussion.) Presse méd., April 
22, 1959, 67, 809-812. (From: Consultation 
de Médecine et Centre de Chirurgie Ortho- 
pédique de IlHédpital Saint-Louis, Paris, 
France.) 


This is a case report concerning a thirty year old 
married woman with a severe diabetes mellitus. The 
disease had been known to be present for many years, 
but was very unstable and neglected. There were 
renal and eyeground changes, also bilateral cataracts 
and anemia. Neurologically, the lower extremities 
reacted to touch, but not to pain or heat. There was 
deep anesthesia of bones and joints, paresthesia and 
presence of narrow pupils. 

The patient was admitted to the hospital with a 
pathologic spiral fracture of the distal extremity of 
a tibia and an ipsilateral bimalleolar fracture. Al- 
though the fragments were properly reduced and 
immobilized, a marked varus deformity with mal- 
alignment developed. The healing of the fractures 
was followed by an arthropathy of the ankle and of 
the tarsal joints and a decubitus ulcer. Roentgeno- 
logically, the lesions were indistinguishable from 
those of typical Charcot joints. 

The authors reviewed and tabulated the litera- 
ture, covering 53 cases with diabetic neuropathy of 
tarsal joints. Involvement of the ankle was found 
in only Io cases and of the knee in 4 cases.—Ernest 


Kraft, M.D. 


SMULYAN, Haro tp, and Ratsz, Lawrence G. 
Pseudo-pseudohypoparathyroidism with un- 
usual features. 7. Clin. Endocrinol. & Meta- 
bol., April, 1959, 79, 478-484. (From: De- 
partment of Medicine, State University of 
New York, Upstate Medical Center, and 
Medical Research Service, Veterans Admin- 
istration Hospital, Syracuse, N. Y.) 


The term pseudo-pseudohypoparathyroidism was 
coined by Fuller Albright in 1952 to describe a young 
woman with a round face, short stout build, short 
metacarpals, apparently normal calcium metabo- 
lism, and normal parathyroid function. He used this 
term because the patient resembled a large group 
with similar physical characteristics who had hypo- 
calcemia, hyperphosphatemia, and subcutaneous 
calcifications and did not respond to intravenous 
parathyroid extract with phosphate diuresis. Al- 
bright suggested that this latter group of patients 
demonstrated a state of end-organ failure; i.¢., failure 
of the kidney to respond to parathyroid hormone. 
He called the condition pseudo-hypoparathyrodism 
because of the chemical similarity, except for the 
etiologic difference from idiopathic hypoparathy- 
roidism. The 1952 case of pseudo-pseudohypopara- 
thyroidism demonstrated the skeletal abnormalities 
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in association with normal levels of serum calcium 
and phosphorus. 

The authors report a sixty-five year old white fe- 
male with a short, thick-set build, round facies, ossi- 
fication of the ears, lenticular opacities, a shortened 
metacarpal of the right ring finger, and normal plas- 
ma calcium and phosphorus levels. They conclude 
that she thus fulfilled the criteria for a patient with 
pseudo-pseudohypoparathyroidism.—C. Peter Tru- 


og, M.D. 


Puitippon, J. (Alger, Algeria). Etudes des mal- 
formations congénitales méniscales par arth 
ropneumographie. (A study of congenital 
malformations of menisci by arthropneumog- 
raphy.) ¥. de radiol., d électrol. et de méd. 
nucléaire, Jan.—Feb., 1959, 40, 1-6. 


In a series of 7oo arthropneumographies per- 
formed by the author, 13 congenital malformations 
of menisci were discovered, and in half of these cases 
traumatic tears were also present. Cystic degenera- 
tive lesions were found in 2 cases, and arthrosis was 
frequently associated. 

The author believes that these results are sufficient 
to render arthrography indispensable in the diag- 
nosis of malformations of the menisci. 

Treatment consists of total resection of the in- 
volved cartilage, followed by physiotherapy and 
progressive and prudent functional rehabilitation of 
the extremity. 

The roentgenologic appearance of these malforma- 
tions is described and the author offers a classifica- 
tion of them. The lesions are well demonstrated by 
reproductions of roentgenograms.—Maurice Du- 


fresne, M.D. 


BLoop AND LympH SysTEM 


Pinet, F., Gravier, J., and Pinet, A. L’aorto- 
graphie rétrograde sous hypotension con- 
trolée. (Retrograde aortography under con- 
trolled hypotension.) ¥. de radiol., a’ électrol. 
et de méd. nucléaire, March-April, 1959, 0, 
11$—126. (From: Clinique chirurgicale du P* 
Santy et Clinique médicale du P' Froment, 
Lyon, France.) 


When arterial hypotension is produced by means 
of trimetaphane camposulfate (Arfonad, Roche), 
the proximal aorta and its branches can be visualized 
with a contrast material injected into the radial 
artery through a trocar to which is attached a two 
way stop-cock. The trimetaphane camposulfate is 
first introduced drop by drop; when a suitable hypo- 
tension is reached, the opaque medium can_ be 
forced against the arterial current without difficulty. 
The hypotension lasts for six to eight minutes after 
discontinuation of the drug. 

No untoward incidents have occurred in a series 
of 15 cases. The technique is recommended for 
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studies of aneurysms, coarctation, patent ductus, 
aortic insufficiency, coronary anomalies, and pul- 
monary sequestrations (in the latter because of the 
visualization of the bronchial arteries).—-Frank A. 


Riebel, M.D. 


Marvey, A., and Trentra, A. Valore ed in- 
dicazioni della tecnica flebografica  orto- 
statica nelle malattie venose dell’arto in- 


feriore. (Value and indications of orthostatic 

venography in diseases of the veins of the 

lower extremity.) Radiol. med., Feb., 1959, 

45, 165-174. (From: Istituto di Radiologia e 

Terapia Fisica della Universita di Pavia, 

Pavia, Italy.) 

The authors compare the indications of ortho- 
static venography with those of conventional venog- 
raphy. The orthostatic technique is more useful in 
the initial stages of insufficiency of the deep veins. 
It is significant in cases of venous insufficiency which 
present slight clinical symptomatology. It will, 
therefore, be the method of choice in cases of early 
varicosity with or without episodes of phlebitis. 
However, it may not be considered of great value in 
cases of diffuse superficial varices with congestion 
and with recurrent phlebitis, or in patients who have 
extensive trophic cutaneous lesions.—Anthony A. 


Blasi, M.D. 


BoreELLI, GUALTIERO, Aspetti angiografici det 
tumori del glomo carotideo. (Angiographic 
aspects of tumors of the glomus caroticum.) 
Radiol. med., March, 1959, 45, 250-255. (Ad- 
dress: Istituto di Radiologia dell’Universita 
di Padova, Padova, Italy.) 

A case of tumor of the glomus caroticum in which 
the diagnosis was refined by angiography is _re- 
ported. 

The author emphasizes the value of this method in 
recording shape and extension of the tumor and its 
relations with the vessels of the neck. He feels that 
this information is very useful at surgery. 

Based on his own experience on the radiation 
therapy of the tumors of the glomus tympano- 
jugulare, the author postulates that the structurally 
similar tumor of the glomus caroticum might also 
have a certain sensitivity to radiation.—Frank L. 
Campeti, M.D. 


Wo trMan, F., Jr., and Bosuirt, D. E. 
Intramural aortic dissection as a complica- 
tion of translumbar aortography. 4.M.A. 
Arch. Surg., April, 1959, 78, 629-638. (From: 
Departments of Surgery and Radiology, 
University of Michigan Medical School, Ann 


Arbor, Mich.) 


The recent enthusiasm for the treatment of aortic 
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and peripheral vascular occlusive disease by direct 
surgical methods has led to a renewed interest in the 
use of translumbar aortography. Associated with a 
rather broad employment of this procedure, nu- 
merous reports of diverse complications have been 
recorded. Although most of the complications of 
translumbar aortography are of a transient nature 
and do not produce serious consequences, some are of 
extremely great severity. It is, however, pertinent 
to call attention to still another complication, intra- 
mural aortic dissection, which has not been em- 
phasized in previous reports. The authors state that 
this complication is of relatively high incidence and 
has accounted directly for two deaths in their series, 
and has been indirectly associated with two others. 

In the performance of translumbar aortography, 
it is presumed that the tip of the needle lies entirely 
within the lumen of the aorta, but if a portion of the 
needle bevel lies within the aortic wall and the re- 
mainder within the aortic lumen, injected contrast 
material will be distributed partly in the vessel 
wall and partly in the aortic lumen. The dissection 
occurs in the media and may produce a dissecting 
aneurysm. To avoid this complication the authors 
suggest certain precautions: 

1. A short beveled needle should be employed in 
performing aortic puncture. 

2. To minimize dissection of the frequently dis- 
eased medial layer by the needle tip, the aorta should 
be pierced as closely as possible to a go degree angle. 

3. Unless visualization of the upper abdominal 
aorta or kidneys is required, the needle should be in- 
serted below the second lumbar vertebra. If a view 
of the upper aorta is necessary or lower aortic ob- 
struction is suspected, the vessel should be pierced 
above the visceral branches, at the T-11 or T-12 
level. 

4. No contast medium should be injected unless a 
good pulsatile flow of arterial blood issues from the 
needle hub with each systolic thrust. 

s. A test roentgenogram should always be ob- 
tained after the injection of 5 cc. of contrast medium 
to detect aberrant locations of the needle tip. If 
intramural injection is noted on this roentgenogram, 
the examination should be terminated promptly and 
the patient observed for possible compiications. 

6. The aorta should be punctured only once, and 
the total amount of contrast medium injected limited 
to 25 cc.; frequently less will suffice. 

7. Rapid manual injection should be used rather 
than high-pressure mechanical devices. 

8. A delayed abdominal roentgenogram should be 
obtained twenty minutes after the last injection of 
contrast material to detect abnormal retention of 
iodides by the kidneys and gastrointestinal tract. 

g. Finally, both the surgeon performing the 
aortography and the radiologist interpreting the 
films should be familiar with the high incidence, the 
roentgenographic appearance, and the potentially 
lethal sequelae of the intramural injections. 
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Of the 302 translumbar aortograms reviewed, 33 
showed intramural injections, an incidence of 10.9 
per cent. Four deaths occurred in this group of pa- 
tients, 2 of which were directly attributable to the 
dissecting aneurysms produced.—C. Peter Truog, 


M.D. 
GENERAL 


RuKAVINA, JOHN G., FAaLis, Harotp F., Hott, 
Joun F., and Brock, Wa rer D. Léri’s 
pleonosteosis; a study of a family with a re- 
view of the literature. 7. Bone & Foint Surg., 
April, 1959, 47-4, 397-408. (From: The De- 
partments of Dermatology and Syphilology, 
Ophthalmology, and Radiology, University 
of Michigan, Ann Arbor, Mich.) 


André Léri described an unusual congenital and 
hereditary syndrome which now bears his name. The 
typical syndrome consists of the following features: 
(1) short stature; (2) mongoloid facies; (3) short 
spade-like hands; (4) broad thumbs in valgus de- 
formity; (5) genu recurvatum; (6) flexion contrac- 
tures of digits of the hands and feet; (7) cubitus val- 
gus; and (8) limitation of motion of the articulations 
of the body. Rarely will the physician find all the 
so-called characteristic features in one affected in- 
dividual; it is necessary to study the entire family to 
ascertain the true range of the symptom complex. 

The authors present a study of 21 members of a 
family, 7 of whom showed manifestations of the dis- 
ease. These cases are detailed individually with 
laboratory and roentgen findings. 

Léri considered the pathologic basis of pleono- 
steosis to be premature and excessive ossification 
associated with epiphyseal enlargement. Connec- 
tive tissues and dermal tissues can also be aftected. 
The constant and essential features of Léri’s pleono- 


steosis appear to be: broadening and deformity of 


thumbs and great toes; flexion contractures of the 
interphalangeal joints; limitation of motion of single 
or multiple joints, including the spine, short stature; 
and mongoloid facies. 

Confusion with Morquio’s disease, the Pfaundler- 
Hurler syndrome, congenital syphilis, or scleroderma 
exists in the literature. The authors call attention to 
the doubtful accuracy of several reported cases. 

Roentgenographic findings may suggest diagno- 
sis, but certainly are not specifically diagnostic. 

This family is believed to be the first one reported 
in North America. The findings are those of a wide- 
spread constitutional disease which primarily in- 
volves the connective tissue system. The syndrome 
appears to be the consequence of a gene exhibiting 
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an autosomal dominant mode of transmission. 


David C. Alftine, M.D. 


Go.tpEeN, Ricuarp L., and Lakin, Haro tp. 
The forme fruste in Marfan’s syndrome. New 
England F. Med., April 16, 1959, 260, 797 
8o1. (Address: R. L. Golden, Medical Serv- 
ice, Roosevelt Hospital, New York, N. Y.) 


The purpose of this paper is to present another 
case of the familial occurrence of Marfan’s syndrome 
and once again to call attention to the recognition 
of the forme fruste of this disorder. McKusick de- 
fines the syndrome as an inherited, autosomal and 
dominant connective tissue defect primarily involv- 
ing the skeletal system, cardiovascular system and 
the eye, producing multiple clinical manifestations. 

Skeletal deformities include dolichostenomelia, 
arachnodactyly, pectus excavatum, and _ pectus 
carinatum, dolichocephaly, winged scapulas, hyper- 
extensibility of joints, and pes planus. 

Ectopia lentis is the ocular feature most often 
present. Myopia, coloboma lentis, retinal detach- 
ments, corneal abnormalities and congenital mydria- 
sis may be present. 

Associated cardiovascular phenomena are dilata- 
tion of the aorta and pulmonary arteries, with re- 
sultant valvular regurgitation and dissecting an- 
eurysm. 

Case histories of four individuals in one family, 
each with some manifestations of the forme fruste of 
Marfan’s syndrome, are described, with postmortem 
D.C. Alftine, M.D. 


findings in one case. 


MISCELLANEOUS 


CHANTRAINE, HernricH. Vitamin und 
Durchleuchtungssehen. (Vitamin A and fluor- 
oscopic vision.) Réntgen- Blatter, March, 1959, 
12, 91-93. (Address: Michaelstr. 54, Neuss 
am Rh., Germany.) 

Selfobservation has convinced the author that the 
administration of vitamin A materially improves 
visual acuity during fluoroscopic examinations, es- 
pecially if the fluoroscopist is in an older age group. 
During a six month period on a daily dosage of vita- 
min A capsules, the author had no difficulty in dis- 
cerning fine details. When an illness intervened and 
the author did not take his daily supply of vitamin 
A, the fluoroscopic images became blurred. Upon re- 
suming | capsule of vitamin A (Rovigon) daily, satis- 
factory visual acuity recurred. Vitamin A apparently 
also decreased the dark-adaptation time required 
prior to luoroscopy.—¥. Zausner, M.D. 


